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PREFACE 



In attempting to give an account of the various problems 
of the life of a Plant in an elementary text book, the most 
simple and natural method appears to be to treat each 
member of the plant in turn, considering it concurrently in 
relation to its special functions. This plan formed the basis 
of a series of Extension Lectures, on Plant Life, which I 
delivered in Newcastle in 1890, and proved so successful a 
scheme that it has been adopted as the foundation of 
the present work. 

This little book, in its special application to Agri- 
culture, is intended for the use of Agricultural Students, 
but at the same time it forms an elementary text-book 
on General Botany which will be found suitable for 
those commencing the study of Botany. In any 
text-book on Agricultural Botany a great part must 
necessarily be devoted to the consideration of the prin- 
ciples of Vegetable Physiology, and these can only be 
thoroughly grasped after a knowledge of the structure of 
the plant has been obtained. It has therefore be^n found 
necessary to explain the nature and properties of plant cells, 
and their functions in different parts of the plant, together 
with other considerations which to some might appear to 
have no direct bearing upon our subject. Yet every 
problem of Plant Physiology is of importance in Agriculture, 
though in an elementary treatise only certain of them can 
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be considered which relate more especially to the cultiva- 
tion of plants. Without a knowledge of the constituents 
of a plant's food, the part each one plays in the develop- 
ment of the plant, and the manner in which they are 
severally taken possession of, there is no guide for the 
application of manures and their analysis remains un- 
intelligible. The questions of Food and Disease have been 
treated, not so fully as might be done, yet we hope in 
sufficient detail to give the principles which underlie 
successful manuring and the combating of disease — each 
of these questions would require a volume in itself without 
even then being exhaustively treated. 

My aim in these few pages has been to lay a foundation 
which may serve to guide the future operations in the 
Field, and form a basis for intelligent trial and experiment. 
In these days of competition and struggle for existence 
every little tells, and the farmer who, understanding, can 
apply his knowledge, is more likely to succeed, than one 
who labours without the advantage of this knowledge. 

It has been my endeavour to use as few technical terms 
as possible. Botany is often considered a science of names, 
and is frequently presented to the beginner in anything but 
an inviting form. The use of some technical terms is 
unavoidable to ensure perfect accuracy, but scientific 
knowledge is often expressed in needlessly technical 
language, which conveys little or no meaning to the 
ordinary student. It has been my aim to write as simply 
as possible. 

In preparing this work reference has been made to the 
standard text-books on Botany, by Sachs, De Bary and 
Vines, and to the original writings of many authors, 
notably Woronin, Sir J. B. Lawes and Dr Gilbert, Marshall 
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Ward, and Frank. For the tables on the Determination of 
Grasses, and the definitions of many genera, I am indebted 
to Mr W. R. Ha)rward and Messrs Bell & Sons for per- 
mission to make use of the Botanist's Pocket Book. I 
have also to express my thanks to the various authors and 
publishers who have allowed me to use the illustrations; 
to Messrs Albert for figures 34, 35, 94, and 97 ; and to 
Messrs Hunter for the blocks of the grass " seeds " which 

they have kindly lent. 

M. C. P. 

Newcastle-upon-Tyne, 
March 1893. 
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and the Zoologist as belonging to the Animal kingdom, so 
difficult is it sometimes to determine the place to which 
some of these organisms should be assigned. Animals and 
Plants, then, have many characteristics in common; they 
require sufficient supplies of food, they require to be kept 
at certain temperatures, extremes in either case causing a 
cessation of some of the vital actions, or even death, and 
further, in all the important cases, they require supplies of 
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CHAPTER I. 

INTRODUCTORY. 

The world of living organisms which everywhere surrounds 
us is naturally divided into two great kingdoms — the Animal 
and the Vegetable. 

The distinction between the more important groups of 
these two kingdoms is, at first sight, very considerable, and 
in the higher forms of each undoubtedly the divergence is 
wide, but if we consider the lower forms of life with which 
we are not familiar except when examined under the 
microscope, it is evident that Nature has not drawn any 
sharp line of demarcation, for there are several organisms 
of simple structure which the Botanist claims as plants 
and the Zoologist as belonging to the Animal kingdom, so 
difficult is it sometimes to determine the place to which 
some of these organisms should be assigned. Animals and 
Plants, then, have many characteristics in common ; they 
require sufficient supplies of food, they require to be kept 
at certain temperatures, extremes in either case causing a 
cessation of some of the vital actions, or even death, and 
further, in all the important cases, they require supplies of 
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oxygen, which are generally taken from the air. Their aims, 
therefore, are necessarily identical in many particulars, and 
each organism, whether animal or vegetable, will pursue a 
similar course of conduct, using different means to attain 
the same end. The endeavour of each will be 

isf. To secure its own food, and to protect itself from 

very numerous enemies. 
2nd, To reproduce its kind, and then to protect its off- 
spring, or furnish them with the means of self- 
protection. To supply them with a sufficient 
store for the development of their various parts 
until such time as they are strong enough or able 
to provide their own nourishment, and to take 
care of themselves. 
It is mainly in the manner of absorbing food and in the 
nature of the substances which compose this food, that 
these two kingdoms are separated from each other. The 
plant, if supplied with the various elements required for its 
structure in the form of mineral matter, can perform all its 
various functions and can build up its own structure; 
though it must be borne in mind that this mineral matter 
must first be made soluble before it can be converted to 
the uses of the plant. The animal, on the other hand, 
requires that all its food should be presented to it in the 
organic form, that is to say, an animal can only thrive when 
its food is composed of either animal or vegetable matter ; 
and hence there are many animals which live entirely on 
other animals, and others which can subsist only when fed 
on plants. Thus a little thought will show the intimate 
relations existing between the two kingdoms, and how 
completely dependent the animal is upon the plant, for 
without plants there could be no animal existence. 
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The same chemical elements are employed in building 
up the structure of both animals and plants. If only one 
of these elements be absent starvation will result, even 
though all the others are available in abundance. 

From what has been written above, it is evident that 
between the animal and plant world war is perpetually being 
waged; the plant, on the one hand, striving to protect 
itself from destruction, while the animal uses every en- 
deavour to secure its food. Weapons of very various kinds 
are employed by the plant, while the animal, also, has many 
special contrivances to help it in this struggle. Further, the 
plant has not only to defend itself from various animals, but 
in many countries the climatic conditions are at certain 
seasons of the year hostile to vegetation, and special adapta- 
tions for protection are required under these conditions. 
As examples of the means of protection against animals, 
we may cite the thorns with which so many plants are 
armed, and which are specially developed to serve as weapons 
of defence. Familiar examples of protective thorns are 
afforded by the common Thistles, Whin, etc., but they are ' 
much more prevalent and formidable in desert countries 
where vegetation is scarce and animals are often very hard 
pressed for food, so that if the plants were undefended they 
would at once be destroyed. Many plants have an un- 
pleasant taste, and not a few are poisonous, in order to 
prevent their being devoured by various animals. 

It is especially the young and growing parts of a plant 
which are tender, and require protection from extremes of 
climate such as are experienced in the Tropics or the 
Arctic zones. But even in our own climate vegetation lies 
dormant during the winter months, and the leaves which 
are to expand in the next spring are covered up with 
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numerous specially formed protecting leaves, constituting 
the structures familiarly known as buds, and also many 
contrivances are employed to protect the expanding leaves 
in the spring from cold and in the summer from heat. 

The duration of life in plants varies very much. Some 
are able to collect in one year sufficient stores of nutriment 
for their own use, and to place a sufficient store in each 
seed that the embryo may develop into a new plant. 
These plants, known as Annuals^ live for a season, and die 
after ripening seed, to be succeeded by the next generation 
in the following year ; they comprise many familiar weeds. 
Poppies, Charlock, Fumitory, etc. 

Other plants — Biennials — divide their period of life into 
two years, the first of which is taken up with their own de- 
velopment, and the accumulation of nourishment, to be ex- 
pended during the second year in the production of flowers 
and seed. The nutritive matter to be expended during the 
second year, known as reserve material, is stored up in 
various parts of the plant often very specially adapted for 
this purpose. 

Others again, termed Perennials, live many years, during 
which they alternately accumulate and expend stores of 
reserve material in the same manner. 

Each plant is an individual which requires light, warmth, 
air, and food. Part of its food it derives from the air, 
the remainder from the earth. Plants, therefore, which live 
close together must always be contending with each other, 
and enter into very fierce competition to secure these 
necessities from either source. Their roots penetrate into 
the ground and ramify in all directions, each seeking its 
own food supplies from the soil, whilst the leaves are ever 
striving with one another to secure a sufficiency of light 
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and air. So fierce is this struggle between plants in the 
wild state, that they have gradually become very highly 
specialised, and have evolved the various forms most 
peculiarly adapted to overcome their various enemies, and 
to secure their requirements under the particular conditions 
in which they live. But with cultivated plants, which have 
supplies of food given to them, the case is very different, 
and competition is to some extent reduced, especially under 
good cultivation, in which they are planted at such distances 
from each other that the competition is minimised, and 
weeds are not allowed to grow, which would otherwise 
deprive the soil of food substances intended for the crop. 

In order to properly supply the plant with food, and to 
exercise a judicious selection of the most suitable cultiva- 
tion for a particular soil, and therefore to obtain the best 
results from the cultivation of plants, a knowledge of all 
the various problems connected with plant life is necessary. 
With this aim in view the farmer should study the questions, 
How plants feed. What substances constitute their food, and 
How this food should be presented to them in order to 
ensure perfect health and immunity from disease. 

We have spoken of the war between animals and plants 
and the means employed by plants to defend themselves, 
and also of the competition between plants growing very 
close together ; but far more destructive to plant life are the 
unseen foes which on all sides attack them and cause 
disease. These unseen foes may be either minute animals, 
insect pests, which work such terrible destruction, or may 
be members of a group of plants known as Fungi, for 
example, moulds and mildew. The fungus, in the manner 
of obtaining its food, resembles an animal in so far as it 
can only live on organic matter, which may be either living 
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or dead : thus some fungi prey on living plants and cause 
often very serious diseases and heavy losses. Cultivated 
plants are specially liable to these attacks, when their health 
and consequent resisting power is in any way impaired by 
unfavourable seasons or bad cultivation. 

The principle of the division of labour is well recognised 
in all branches of the arts and manufactures, but it is no- 
where more strongly applied than in the animal and 
vegetable kingdoms. The various problems of plant 
economy necessitate that special parts of the plant should 
be set apart for the performance of very definite functions, 
and should be highly specialised for this purpose. This will 
be found not only in the external form, but also in the 
minute internal structure of each portion, which is so 
organised that its special work may be performed with the 
least possible expenditure of energy or waste of material. 

A plant, laying aside all idea of the functions of its 
various parts, is usually said to consist of three members — 
the Root, the Stem, and the Leaf; under ordinary conditions 
each of these has its own work to do, but under special 
circumstances they may be altered and modified to serve 
some other purpose, so that they bear hardly any resem- 
blance to the typical form. Branches may be altered 
into thorns as in the Sloe {Frunus spinosa), or modified into 
tubers as in the Potato, or Artichoke; leaves also may 
become thorns as in the Barberry (JBerberis vulgaris) ; they 
may serve as the storehouse in which certain plants (e.g,^ the 
Onion and Hyacinth) store up reserve material to be used 
in the following spring, or they may take part in the forma- 
tion of the flower and aid in the process of reproduction ; 
the root, again, may be utilised as the storehouse, familiar 
examples being presented in the Carrot and Parsnip. 
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Regarding the plant from another point of view, but 
without considering the manner in which its various parts 
are derived from the three typical members, it is made up 
of a number of organs each of which has some function to 
perform for which it is specially adapted. Seen in this light, 
roots are organs of attachment, and for absorbing food; 
stems are supports and conducting channels; leaves are 
manufactories ; tubers and bulbs are storehouses ; and thorns 
are weapons, etc., etc. 

But in the succeeding chapters we shall trace the life of 
the plant in detail, considering the structure, functions, and 
modifications of each member. With these few considera- 
tions we have endeavoured to indicate merely the general 
conditions of plant life, to give an idea of the investigations 
required for the proper understanding of the various needs 
and requirements of plants. The student must recognise 
the value of enquiry and the necessity of scientific 
knowledge brought to bear upon plant cultivation, in ordei 
to produce better growth and development ; for it is only 
when experience is based upon exact scientific knowledge 
that it has its full value, and the true nature of every success 
or failure can be understood. 
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If a very thin section be cut from any part of one of the 
higher plants (for example, the stem of a Bean-plant) and 
magnified, it will be found not to be a solid structure, but to 
present a honey-combed appearance (see fig. 2). It is seen 
to be made up of a large number of small cavities of very 
different sizes, and shapes, some of which may be empty, 
while others are filled with various contents. 

To these cavities the name cell was given when they 
were first discovered, hence the derivation of the word ; and 
the supporting framework was called the cell-wall. It was 
formerly thought that the cell-wall was the living part, but 
later researches have revealed the fact that it is a semifluid 
substance found closely adhering to the cell-wall in which 
life resides, and that the cell-wall is merely a framework 
made by this substance to support and protect it. 

This living substance is termed protoplasm. By a plant 
cell we now mean a small mass of protoplasm, which may or 
may not have surrounded itself by a supporting cell-wall. 
This unicellular condition is found in several of the lower 
forms of vegetable life, but in only a few instances is the 
protoplasm exposed to the surrounding medium. In the 
higher forms, which are made up of a countless number of 
cells, the protoplasm always supports itself by a cell-wall. 

We must now examine a cell more minutely, and will 
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seen the cell-wall, with here and there its junction with 
neighbouring cells, and this encloses the protoplasm which 
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is found as a thin layer in close contact with the cell-wall. 
This layer of protoplasm is divided into two portions, an 
outer one firm and clear, immediately inside the cell-wall, 
and an inner one which is granular and somewhat fluid : 
these are known respectively as the ectoplasm and the 
endoplasm. The space inside the layer of protoplasm, in 
contact with the cell-wall, contains a watery fluid known 
as celi-sapy and is traversed by numerous strands of proto- 
plasm which divide it up into a number of smaller cavities, 
known as sap-cavities^ or vacuoles. In the centre of the 
cell is an ovoid body, the nucleus^ which these strands of 
protoplasm connect with the peripheral layer, and hold it in 
position. 

The Protoplasm being the 9eat of all vital force, is there- 
fore the essential part of every living cell, and without it 
there could be no life. It is a semifluid or gelatinous 
substance, white in colour, and of a granular appearance, 
and it has been found to possess all the functional activities 
which we regard as the characteristics of life. 

We must now consider the properties and composition 
of protoplasm. A careful examination of a living cell will 
show that protoplasm is ever in motion (arrows in fig. i), 
the peripheral layer is constantly moving round and round 
the cell, and the strands of protoplasm which connect the 
nucleus- with the peripheral layer are also constantly moving 
to and from the nucleus. This motion originates in the 
protoplasm itself, and it is therefore said to be automatic. 

It is only when subject to the right degree of temperature 
that protoplasm exhibits this activity — too great a degree of 
heat or cold paralyses it and stops the motion, and if these 
adverse conditions are continued, death ensues. Proto- 
plasm is thus influenced by external conditions, and is ^aid 
to be irritably. 
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Oxygen, which forms about one fourth of the atmosphere, 
is indispensable to vegetable life, and it is found that the 
protoplasnf of every living cell is constantly absorbing 
oxygen, some of which combines with its carbon, and is 
given off as a colourless gas known as carbonic acid. The 
energy set free during this process, which is termed respira- 
tion, is used by the plant to perform its various functions. 
Respiration in the plant is not confined to one particular 
part, or to one group of cells, but every plant cell respires 
in a greater or less degree, and every plant cell must have 
within its reach a supply of oxygen in order to obtain its 
necessary amount of energy. Experiments have proved 
that in the absence of oxygen the activity of protoplasm 
ceases, and death follows, if it is deprived of this source of 
food for too long a period. Protoplasm is, therefore, 
respiratory. 

Protoplasm is capable of absorbing into itself its various 
food substances, it is therefore receptive. 

Further, it has the power of changing these substances 
into others which are more directly useful to it, and the 
waste products from this manufacture are expelled or got 
rid of by various means. This process of chemical change 
is described as metabolisMy and may be considered under 
two heads ; the first, constructive, in which complex organic 
substances are built up from inorganic ones, and converted 
into protoplasm; the second, destructive, in which proto- 
plasm is broken up, some of the products being useful for 
constructive metabolism, others being merely waste. 

It is found that in special regions of the plant there are 
cells which are capable of division to form new cells. The 
protoplasm of these cells divides, and forms a cell-wall 
across the original cell, and the cells so formed, after a 
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period of growth, may again divide. Reproduction^ again, 
is thus one of the properties of protoplasm. 

At the present time the exact chemical composition of 
protoplasm has not been determined. Living protoplasm 
is always in a state of change, diie to its properties of re- 
spiring and absorbing its food substances into itself where 
they undergo chemical change, and for these reasons it 
is exceedingly difficult to obtain protoplasm in sufficient 
quantities in a pure state for analysis. But although no 
chemical formula can be assigned to protoplasm, yet it is 
always found to be made up of the five elements, Carbon, 
Oxygen, Hydrogen, Nitrogen, and Sulphur. In order, then, 
that a plant may produce new cells these five elements 
must be available. 

Nnclens. — There is reason to believe that in every living 
plant cell a nucl6us is present. The nucleus is an ovoid 
body embedded in protoplasm, and it may either be sus- 
pended in the centre of the cell or lie in the peripheral 
layer of protoplasm. In very young cells of the higher 
plants the nucleus (fig. i) is a prominent feature, and in 
mature cells it is easily seen, but in many of the lower forms 
the presence of the nucleus can only be ascertained by the 
use of special reagents, and so for a long time it was thought 
to be absent in these cells. 

Now, however, the most recent researches point to its 
universal presence in all plant cells. 

The exact chemical composition of the nucleus, like that 
of the protoplasm, is at present not determined, but it 
appears to be composed of the same five elements which 
enter into the composition of protoplasm, but with the 
addition of Phosphorus. 

The universal presence of a nucleus seems to point to 
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its being of some importance in the cell, but its exact 
functions are at present unknown. 

The OeU-Wall. — ^We have seen that the protoplasm for 
the purposes of support and protection surrounds itself by 
a cell-wall, which may be either hard and rigid, or soft and 
flexible as in many low forms living in water. This cell- 
wall has a definite chemical composition, being made up 
of Carbon, Hydrogen, and Oxygen, which are combined to- 
gether and form a substance known as cellulose, with the 
chemical formula CgHi^Og. The cell-wall is a product of 
the protoplasm itself, and is formed by the conversion of 
protoplasm into cellulose. This takes place in the outer- 
most layer of protoplasm in contact with the cell-wall, 
and the increase in thickness of the latter is caused by 
the deposition of successive layers of cellulose. 

The simplest forms of plants consist of only one cell, 
and the cell-wall therefore surrounds the protoplasm, but in 
the higher forms the protoplasm is divided up into very small 
masses by thin partitions of cell-wall, and these thin parti- 
tions must be regarded as common to the cells on either 
side of them. The cells are in connection one with another 
through minute pores in the dividing cell-wall, and the pro- 
toplasm, passing through these, is thus continuous throughout 
the whole plant, and we may therefore regard the plant as a 
maSs of protoplasm chambered up into an infinite number 
of small compartments. 

The cells which build up a plant have, when young, the 
power of growing, but this power is limited, so that when 
the maximum size has been attained further growth does 
not take place, and the plant, as a whole, increases in size 
by the formation of new cells. 

The new cells are formed by the division of older cells, 



14 AGRICULTURAL BOTANY. 

that is, the nucleus divides into two nuclei and between 
these a cell-wall is formed ; the mother cells thus divide 
into two daughter cells, and after a time these may divide 
again, or else grow to the full size and form part of the 
permanent structure of the plant. It is obvious that cells 
which have ceased to grow and those which are still in an 
active condition of growth must each be confined to definite 
parts of a plant. The regions of cell-division occur at the 
apex of the stem and root and at the growing portion of a 
leaf for the growth in length, and also a special zone of 
dividing cells encloses the stem or root when it has the 
power of increasing in thickness. 

The life of a cell may be conveniently divided into three 
stages — (i) the stage when it is first formed; (2) the 
growing stage ; and (3) the adult stage. 

(i) The early stage when the cell has just been formed 
by the division of its mother cell, is very different from the 
mature condition, and it is then characterised by its thin cell- 
walls and by being completely full of protoplasm (fig. 9 m w\ 
in which is embedded a large nucleus. It now begins to 
grow, and after a time may divide into two cells or may 
pass over into the second stage. 

(2) In this stage the size and capacity of the cell are 
materially increased. 

When a cell is so full of water that its walls are distended 
it is said to be turgid, and the turgidity of the cell is a 
necessary condition of growth. When the cell is turgid itc 
volume is increased and the cell-wall becomes stretched. 
As the cell-wall stretches a fresh layer of cellulose is 
deposited upon it, and as it continues to extend successive 
layers of cellulose are again deposited upon the inner 
surface. It is in this manner that the cell-walls grow in 
length and the capacity of the cell becomes larger. 
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The volume of the protoplasm does not increase equally 
with that of the cell, and hence, after a time, numerous 
cavities are formed in it which become filled with a watery 
fluid known as cell-sap. As the cell increases in size these 
cavities also increase and coalesce to form several larger 
sap-cavities, in which case the nucleus becomes suspended 
at the centre of the cell by strands of protoplasm reaching 
from it to the protoplasm which adheres to the cell-wall 
(fig. i); or the centre of the protoplasm may be occupied 
by one large sap-cavity and the nucleus lie embedded 
in the peripheral protoplasm. 

(3) In the second stage the cell assumes its final shape and 
gradually reaches its full development ; it then enters upon 
the third or mature stage and becomes a component part of 
the plant, and takes its part in the performance of the 
various functions which are allotted to it. The cell now 
ceases to grow, and therefore the cell-wall, being no longer 
stretched, it is possible for it now to increase considerably 
in thickness. When the cell-wall becomes much thickened 
the deposition of cellulose does not take place evenly over 
the whole surface, but small areas are left here and there 
which remain unthickened and are known as/Z/j. Pits in 
the cell-wall are extremely common; they occur on each side 
of the common wall separating two cells, and it is through 
minute perforations at the bottom of these pits that the 
protoplasm of one cell is continuous with that on the other 
side of the dividing cell-wall. 

In many of the mature cells which are found to be empty 
the protoplasm has all been expended in increasing the 
thickness of the cell-wall, and the cell, having lost its 
protoplasm, is therefore dead. Cells in this condition are, 
however, of great use in the plant economy, as they serve to 
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give strength to the plant and also act as channels through 
which water may be conducted. 

The shape of a cell and the thickness of its walls depends 
on the particular function which it has to perform. In the 
very simple forms of plants, which consist of only one cell, 
it follows that all the various processes and work must be 
carried on in this cell, but in the multicellular plants there 
is a division of labour and special cells are set apart for 
special functions, some for nutrition, others for protection 
and support. We thus find that the cells assume very 
different shapes, but these are reducible to two t^'pes — 
(i) those which are approximately as long as broad, cubical 
or ovoid, and whose diameters are about equal (figs, i and 
30) ; and (2) those which are longer than broad and have 
pointed ends (figs. 1 7 and 3, a). 

The former are those which retain the living protoplasm 
and in which the various vital processes are carried on, and 
are termed parenchymatous cells; while the latter have 
generally very thick cell-walls and are specially adapted 
to build up those parts of a plant which are used as the 
supporting frame-work, these are termed prosenchymatous 
or mechanical cells. 

In studying the anatomy of plants it is usual to find cells 
which are exactly alike grouped together, and investigation 
has shown that such cells have a common function. These 
masses of cells are known as tissues, and by a tissue we 
mean a group of cells which have a common origin, a 
common law of growth, and a common function. 

The advantage derived from unity of cells for the 
purposes of nutrition and support is easily seen ; in the 
case of support it is obvious that greater strength is derived 
from the union of a number of supporting cells. 
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It is usual to consider a plant as made up of three tissues 
though these, again, may be subdivided — viz., the epidermal, 
the ground, and th6 fibro-vascular tissues. 

The Epidermis is the name given to those cells which 
entirely surround the plant, and from their position form a 
protective sheath covering the more tender cells which they 
enclose. This tissue is in most cases only one layer of 
cells in thickness, the outermost wall of each cell is often 
very much thickened, and for further protection the outer- 
most layer of cellulose (in the parts exposed to the air) is 
transformed into a substance known as cutin, which forms 
a kind of waterproof covering to the whole plant. 

The cells of the epidermis fit very closely together, and 
the only spaces formed between them are guarded by 
specially constructed cells. These guard cells are known 
as stoma, and will be further considered under the leaf. 
In annual plants the epidermis persists throughout the 
entire life of the plant, but in perennial plants its cells 
never have the power of dividing, and the epidermis is 
therefore torn or burst off and replaced by cells specially 
formed inside it, whose cell-walls are altered into a substance 
known as suberin and which forms cork or bark. Many 
plants are found to be hairy, some covered with long silky 
hairs while others have short and stiff hairs; these hairs are 
formed by single cells of the epidermis becoming elongated 
and projecting beyond the surface of the plant. Hairs are 
therefore defined as outgrowths of single epidermal cells. 
The hairs formed on stem and leaf serve in various ways 
to protect the plant, while those formed on the root (fig. 4) 
serve to abstract various food-substances from the soil. 

Ground Tissue. — Those cells which are enclosed by the 
epidermis upon which they abut, and in which are placed 

B 
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the fibro-vascular bundles, are known as the ground tissue. 
This tissue is composed of parenchyma and prosenchyma. 

The cells of the parenchyma do not fit very closely to- 
gether, but numerous spaces occur which are sometimes 
small, at other times relatively large, and these are known 
as intercellular spaces (figs. 30, /and 11). 

From what has been already said it will be understood 
that the spaces are not formed simultaneously with the 
cells themselves, but that they are developed later during 
the growth of the cell, by the common wall of certain cells 
dividing and the two portions separating from each other. 
The intercellular spaces contain air, and being in connec- 
tion with each other afford a channel whereby the various 
gases can circulate inside the plant. 

The cells near the exterior of the plant very often contain 
the green colour bodies, chlorophyll corpuscles, and these 
cells play a very important part in the nutrition of the plant. 

Parenchymatous cells are frequently used for the storage 
of reserve material, and also for the transport of certain 
manufactured products to different parts of the plant. 

In trees the requisite amount of support is given by the 
woody portion of the fibro-vascular bundles, but in succulent 
and herbaceous plants this wood is generally not sufficiently 
developed for this purpose, and prosenchymatous cells are 
formed in the ground tissue which have their cell-walls 
thickened to help in giving mechanical support to the plant. 
These strengthening cells are found sometimes in connection 
with the fibro-vascular bundles, at other times close to the 
epidermis. Mechanical cells in connection with the fibro- 
vascular bundles are especially developed in the group of 
plants known as monocotyledons (Grasses, Lilies, Sedges, 
Rushes . . .) (fig. 17), and form a strong sheath surrounding 
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and protecting the fibro-vascular bundles. The cell-wall is 
thickened evenly, with the exception of small pits left in the 
cell-wall. 

Mechanical cells close to the epidermis have sometimes 
the cell-wall evenly thickened, sometimes it is only at the 
comers of the cells that the thickening is developed. 
Cells in this position require that their cell-walls should 
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be capable of stretching or of compression, that the plant 
may be bent without injury, and so the thickened cell- 
wall is elastic, and the thickening at the angles of the 
cells aids in giving additional strength to withstand pressure 
in any direction. 
Fibro-Tascnlar Biuidle8.^1n fig. z, of a transverse 



to AGRICULTURAL BOTANY. 

section of a Bean-stem, numerous groups of cells are seen 
very diflferent in appearance to the cells of the ground 
tissue in which they are embedded. These are the fibro- 
vascular bundles, and it is easily seen that they may be 
divided into two portions, one nearer the centre known 
as the wood, or zylem, which is darker by reason of the 
thickness of the cell-walls, and conspicuous by the larger 
openings of many of the vessels; and another portion 
known as the bast, or phloem, immediately exterior to the 
wood, having an internal portion abutting on the wood 
with white, thin walls — the soft bast — and an external 
portion with hard, thick walls — the hard bast. 

The fibro-vascular bundles are strands of conducting 
tissue traversing the whole plant. In the leaf they form 
a net-work known popularly as the veins, which are con- 
tinuous through the leaf-stalk with those of the stem. In 
the stem they are also connected together, and form a net- 
work with large meshes, and these are again continued into 
the root. 

Wood. — ^The various elements which constitute the 
woody portion of a fibro-vascular bundle may conveni- 
ently be classified under three heads — vessels, fibres, 
parenchyma. Although, in the first case, the walls of these 
various elements were made of cellulose, yet, when mature, 
the cellulose becomes converted into another substance 
known as lignin. 

Vessels are formed from a number of cells in connection 
with each other, being transformed into a tube by the parti- 
tion walls becoming absorbed. The diameter of the vessels 
is often very much larger than that of the other elements 
of the wood, and their walls must be specially thickened to 
prevent them being crushed in and the cavity of the vessel 
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obliterated. The simplest form of thickening is found in the 
primary wood, that is, the wood vessels which are first formed; 
these may be either spiral vessels, where the thickening is 
arranged in a spiral manner, or annular vessels, where the 
thickening occurs in rings. In the walls of the other vessels 
small spaces remain unthickened, often arranged in a 
pattern (fig. 15), so that these vessels are known as pitted or 
dotted ducts ; or bars of thickening may be placed on the 
walls, and these are then known as reticulate vessels. 
Vessels are used for conveying water from the roots 
through the stem up to the leaves. 

The Fibres are long cells with pointed ends which dove- 
tail into each other, and serve to give greater strength to 
the structure. 

The Parenchyma cells of the wood are living cells, and 
retain their protoplasm, and at certain seasons they may be 
used as receptacles in which reserve material may be stored 
up. The vessels and fibres lose their protoplasm, and so 
the parenchjmia is the only living part of the wood. 

It is by means of the wood that the various substances 
absorbed from the soil by the roots are passed to the leaves, 
and the soft bast forms a channel whereby those substances 
containing nitrogen are conveyed to parts of the plant 
where they are required. 

Bast, — ^The elements of the bast, like those of the wood, 
may again be divided into vessels, fibres, and parenchyma. 

The Fibres are known as hard bast, and form a protection 
to the soft bast (sieve tubes and parenchyma); they are 
formed from very long cells whose ends fit into each other 
in the same manner as the fibres in the wood : they form 
the most exterior part of the bundle. 

The Vessels have thin walls, and are characterised by the 
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partition walls not being absorbed, but perforated by a 
number of very fine pores through which the contents of 
one sieve tube may pass into the next one. These per- 
forated plates are known as sieves ; they may occur on the 
sides of the vessels as well as at the ends, and these vessels 
are therefore known as sieve-tubes (fig. i6). 

The Basf Parenchyma is thin-walled, and fits in between 
the sieve-tubes. 

Vacuole and Oell-Sap.. — ^The spaces in the protoplasm 
which are termed sap-cavities, or vacuoles, contain a watery 
fluid known as cell-sap. This contains various substances 
which are collectively known as cell contents, some of which 
are in solution in the cell-sap while others are present as 
solid bodies. The chief substances which are dissolved in 
the cell-sap are organic acids, sugar, colouring matters, 
various inorganic salts as chlorides, nitrates, and sulphates, 
and various compounds of nitrogen, though it rarely occurs 
that they are all found in one cell. Some of these are 
waste products, while others are about to be transformed 
into useful products. The cell-sap permeates the pro- 
toplasm and cell-wall. 

The cell-wall and protoplasm readily allow water to pass 
through them to and from the cavity of the cell, but the 
protoplasm offers a resistance to the escape of the soluble 
cell contents, and it is these which, by attracting water, give 
rise to turgidity. If the density of the solution of cell-sap 
in two adjoining cells is not equal it will tend to equalise, 
and water will pass from one to the other. The more the 
soluble cell contents the greater is this force of attraction, 
hence, in a tissue of cells, a current will flow in the direction 
of greater concentration. The various organic acids are 
the chief factors in the cell-sap which maintain and increase 
the volume of the cell. 
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Plasmolysis. — ^Artificially, the turgidity of a cell may be 
diminished, or even destroyed^ by placing it in solutions 
stronger than the cell-sap. Thus, for example, if a moder- 
ately thin section containing living cells be cut from a 
plant — a Beet-root will be found very convenient on account 
of its coloured cell-sap— and placed in a solution of salt- 
petre or common salt of about 5 per cent., this, being 
stronger than the cell-sap, will withdraw water from the 
cell, and the cell will lose its turgidity. As a consequence, 
the tension of the cell-walls is relaxed, and therefore the 
volume of the cell is diminished; the sap-cavities lose 
water, and the peripheral protoplasm is torn from the cell- 
wall, and if the surrounding solution is sufficiently strong — 
about 10 per cent. — ^it will eventually be separated from 
the cell-wall, and become contracted into a rounded mass. 

In this condition the cell is said to be Plasmolysed : the 
cell-sap has become more concentrated, the peripheral pro- 
toplasm having retained all the soluble contents, and 
allowed only water to pass through it and escape. (This is 
well seen in the Beet-root cells by the deepened colour of 
the cell-sap.) 

The cell is, however, not dead, but if placed in pure 
w^ater the protoplasm and cell-wall will again expand and 
assume their healthy condition. The cause of this is 
exactly the same as that which brought about the Plas- 
molysis, namely, the concentration of the cell-sap being 
now greater than the surrounding water, the latter is there- 
fore absorbed, the sap-cavities increase in volume, and the 
cell resumes its former turgidity. 

If the protoplasm be killed, the cell-sap readily passes 
through the peripheral protoplasm and escapes. 

It must not, however, be supposed that only water is 



24 AGRICULTURAL BOTANY. 

capable of passing from cell to cell ; various substances, 
such as solutions of sugar, etc., may pass from one cell to 
another, but their passage is regulated by the peripheral 
protoplasm, for many solutions are able to pass through 
the cell-wall which cannot pass through the peripheral 
protoplasm. 

Oell Oontenta — ^Various substances are found in the cell 
which may conveniently be classed under the head of cell 
contents. Of these it will be sufficient to consider the 
following : — 

I. FlastidB, or small bodies having substantially the same 
properties as protoplasm, are found embedded in it in 
certain cells. They are formed in the very early stages of 
the cell and may exist under three conditions. 

(a.) Chlorophyll corpuscles^ or cJdoroplasHdSy small green 
ovoid bodies embedded in the protoplasm of those cells 
which are exposed to light. They are specially formed 
portions of the protoplasm, each consisting of a protoplasmic 
frame-work, in the meshes of which the green colour is 
contained. Although these bodies are exceedingly small 
yet they are so numerous that the green colour of plants is 
due to their presence. Their function will be considered 
under the leaf. 

(^.) Colour bodies^ or chromoplastids, small bodies of 
similar nature, but red or yellow in colour. The red and 
yellow colour of flowers or fruits and the autumnal tints 
are due to these bodies ; in the latter case they are formed 
from disintegrated chlorophyll corpuscles. (Blue and 
purple colours are due to colouring matters dissolved in the 
cell-sap.) 

(a) Starch -forming corpuscles^ or leucoplastids^ small 
white bodies which may be regarded as colourless chloro- 
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phyll corpuscles. They are formed in cells not exposed to 
light, and are concerned in the formation of starch in 
these parts. 

2. Beaerve materials, or substances manufactured at any 
time in excess of present requirements are stored Up in the 
cells for future use. These are divided into two groups 
according as they are to be used to form new cell-wall, or 
protoplasm. The former are therefore non-nitrogenous, 
and the latter nitrogenous. 

The principal non- 
nitrogenous reserve 
materials are — 

(a.) Siani. 

This occurs in 
many cells as small 
grains (fig. 3) ; cells 
of the Potato {fig. 19) 
and of the Pea (fig. 
30) are very rich in 
starch grains. 

(6.) Sugar is found 
dissolved in the cell- 
sap of the Beet-root, 
Mangold-wurzel, etc. ^u^^, 

U.) Inulin occurs P=i"3 ^"ins 1"= of alrMilicati 
^ ' C *ai D, compound gnini. 

in the tubers of the 

Jerusalem artichoke {Heliantkus tuberomi). It is always 
in solution, but can be precipitated by alcohol in the form 
of sphere-crystals. 

The nitrogenous reserve materials are principally found 
in seeds. These are small ovoid bodies known as 
akurone grains and may be confined to certain cells 
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{wheaty fig. 34) or contained in the same cells as the starch 
(pea, fig. 30). 

3. Waste prodncts. 

{a.) Crystals of various forms are often found in cells 
(fig. 11). They are, for the most part, formed of calcium 
carbonate (chalk), or calcium oxalate ; these crystals assume 
either an octagonal or prismatic shape and may be formed 
in cells specially devoted to this purpose. Long lieedle 
shaped crystals, pointed at each end, known as raphides, 
occur in many plants. They are found to be of service to 
young seedlings in preserving them from being eaten by 
slugs. 

(^.) Tannin is found in solution in various cells, especially 
tbose which may be cast off (/.^., bark). It is a waste product. 



CHAPTER III. 

ROOT. 

If a seed be planted under favourable conditions — which 
will be fully considered in Chapter VII. — it germinates ; 
that is, the young root emerges from the seed and 
commences to penetrate the ground, and after a short 
interval the stem bearing the leaves also emerges and pro- 
ceeds to grow upwards. 

By the term "root" we generally understand that part 
of a plant which grows downwards into the soil and has 
the main purposes of anchoring the plant and of absorbing 
its food-substances from the soil. Although this is generally 
true, we must not consider as roots all subterranean parts 
of a plant, nor even refuse to regard certain serial parts as 
roots. In many plants the stem is always underground 
and similarly roots are formed w^hich never penetrate the 
ground. We shall, however, consider simply those roots 
which penetrate the soil, and it will be necessary to examine 
the structure of the root before considering its functions 
and actions with regard to the soil. 

Structure. — In beginning a study of the root, its struc- 
ture is best examined by means of cross sections, which 
should be cut accurately transverse to its axis, and so thin 
that they are transparent and the walls of the various cells 
can be seen under the microscope. We will now first 
consider such a transverse section of a young root not far 
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From its growing point. Such a section is represented in 
fig. 4. 

The Root, it is noticed, is circular in outline, and made 





Fig. 4 {after Vina). 
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up of a hirge number of cells, among which we very easily 
distinguish the three tissue systems; — in the centre the 
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Fibro-vascular tissue, surrounding this the Ground tissue, 
and on the outside a layer of cells which is described as 
the Piliferous layer. This corresponds to the epidermis of 
other parts of the plant, and is the layer which gives rise to 
the root-hairs. 

The Fibro-vascular bundles are composed of two parts, — 
the wood and the bast. The Wood-vessels (conspicuous 
by their thick walls) are seen as a number of circles forming 
a row in the centre (fig. 4) of which the central one has 
the largest diameter, whilst those on each side of it 
gradually diminish in size. The smaller vessels at either 
end are the spiral vessels, and are those which are first 
formed, the formation of vessels proceeding inwards. 
Succeeding these are larger pitted or dotted ducts which 
in the particular case under consideration unite in the 
centre. Sometimes, when there are many groups of spiral 
vessels, the pitted ducts do not extend very far towards 
the centre, which is then occupied by pith cells. The 
Bast is seen as a group of cells situated above and 
below the row of wood-vessels, the more external being the 
bast fibres and immediately inside these the bast vessels or 
sieve tubes and parenchyma. The number of strands of 
bast always equals that of the wood, and they regularly 
alternate with each other at equal distances from the centre. 
A careful examination of the figure shows that there are 
two well-defined circles of cells surrounding the central 
fibro-vascular cylinder — the more internal of these abuts 
upon the spiral wood-vessels and the bast fibres, and is 
known as the pericycle. The external one is known as the 
bundle sheath. Its cell walls have often peculiar thickenings ; 
sometimes it is the internal and radial walls which are 
thickened, at other times the radial walls parallel and per- 
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pendicular to the axis of growth have tooth-like thickenings 
which fit into each other. • The bundle sheath is the most 
internal layer of the ground-tissue. 

The Ground-tissue forms the great mass of the root, and 
extends as far as the piliferous layer; it is composed chiefly 
of parenchymatous cells which have intercellular spaces 
between them — often very large. 

The Piliferous layer surrounds the ground-tissue and 
forms the most external layer of cells; many of its cells 
grow out into long tubes known as root-hairs. 

The structure of all roots in their young condition is 
essentially the same, though there are great variations in 
detail, and they may be greatly modified as growth proceeds. 
In the example we have described, the wood and bast at 
first consist each of only two strands, but comparatively 
speaking few roots have so low a number as this, and in 
many instances the number of strands is very large. The 
pericycle too in some roots consists of more than one layer 
of cells. 

Soil — Part of the food which a plant requires is obtained 
from the soil in which its roots grow, and part from the air 
which surrounds its stem and leaves. Before considering 
the manner in which the food substances are obtained 
from the soil, it will first be necessary to discuss its char- 
acter and composition. 

Soil, as we know, is not a solid mass but is made up of 
infinitely small particles, and these being of very varying 
sizes and of irregular shapes do not fit closely together, but 
have numerous spaces between them, which are occupied 
by water or air. In a perfectly dry soil, these cavities 
contain only air, and the earth is then capable of absorbing 
a large amount of moisture in the same manner as a sponge. 
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Suppose we take some dry earth in a flower-pot and 
water it, we find that a certain amount of water is absorbed 
and retained by the soil, but if more water be added it 
drains away. In this condition each particle of soil, how- 
ever minute, is surrounded by a thin film of water, but the 
larger cavities between the various particles are not filled 
with water, but contain air. If, however, the conditions 
are such that no water can drain away, the air is expelled 
from the soil, and it becomes completely saturated with 
water. Soil may therefore exist under three conditions — 
firstly, in a completely dry state, containing no water ; 
secondly, when each particle is coated by a thin film of 
water and the spaces between many of the particles are 
filled with air ; and thirdly, when all the air has been 
forced out of it and the interstices are filled with water 
alone. 

Boot-hairs. — It is by means of root-hairs that plants 
obtain a great deal of nourishment from the soil. The 
long and delicate tubes known as root-hairs are merely 
cells which have elongated and forced their way between 
the particles of soil. The root-hair differs only from an 
ordinary living plant cell in its greater length, having its 
cell wall, protoplasm, nucleus, and sap-cavities (vacuoles). 
Its special function is to absorb the thin film of water 
surrounding the particles of soil into its own interior, and 
with this film of water to absorb also any substances which 
may be dissolved in it. In order that the protoplasm may 
carry on this function, it must, as we have seen, be supplied 
with oxygen. We thus understand how it is that too much 
water in the soil is injurious to vegetable life. Heavy rains 
and bad drainage prevent the excess of water escaping 
from the soil, expel the air from it, and the root-hairs are 
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therefore deprived of oxygen ; their protoplasm becomes 
dormant and cannot perform its function of absorbing 
water, and after a time it dies unless more favourable 
conditions are restored. Again, too little water in the 
soil deprives the root-hairs of their turg- 
idity and similarly under these circum- 
stances their protoplasm is devitalized and 
cannot perform its function. 

The root-hairs in forcing a way through 
the soil become very closely attached and 
adhere to the particles of soil, and in this 
state absorb the film of water surrounding 
and adhering to them (fig. 5). This water 
is passed from the root-hair to the cell of 
the ground-tissue next to it, and from this 
cell to the one next inside it, and so on 
until it arrives at the wood-vessels, and 
thus all the water collected by the root- 
hairs is forced along these vessels to the 
base of the stem. So great is the activity 
of the root-hairs that they force the water 
up the stem and cause the phenomenon 
of Root-pressure. 

BDot-pressnre can be very easily de- 
monstrated {fig. 6). 
y>g. s [after Sacks). ^ ^^^u Wealthy stem, such as that of 

End of a rool-hair of ' ' 

Wheat {TriiicuiH vui- ^ Bgan ot Sunflower, is cut off near the 
Mil tioteiy adhtring ground and replaced by a glass tube (si) 
fastened to the stump, so that no leak- 
a%e can occur. This is readily effected by means of a 
piece of india-rubber tubing (k). After a short time the 
water from the roots rises slowly in the glass-tube, sometimes 
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to a considerable height. To avoid the action of negative 
pressure (page 5S) the stem should be severed under water. 
Bya suitable arrange- 
ment of the apparatus, 

the amount of water 

collected by the roots 

may be measured, and 

some idea of this 

amount may be gath- 
ered from the fact that 

a lai^e Sunflower has 

been found to exude 

nearly two pints of 

H-ater in thirteen days, 

the exudation being very 

copious during the first 

few days and afterwards 

gradually diminishing. 
The exudation of 

water from cut woody 

stems {Bleeding which 

occurs so frequently in 
¥i« ctanerDeimeA Spring, IS caused by the ^>e-7{.¥t^s^k,.. 

AnwrMni Ibr demon- " Sap beiUg forCCd Up- s/Ja (while muslaid). 

«. ;leu of indui-nibbcr WardS from the roots. Iheinl, with its puliclH 

tuhiiw; f/rsUss tube. ryi.' "- .. c j .. MlMadhermif lotheroot- 

ThlS IS not confined to htinl B, a&a IheSi te- 

trees and shrubs, and ywismng. 

may often be observed in herbaceous plants. 

So close is the contact between a root-hair and the soil, 
that when a plant is pulled up (provided that the root-hairs 
are not broken oS) some soil is pulled up with it This 
is well shown in fig. 7, in which ^ is a seedling of Wkife 
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Mustard grown in fine sand, and pulled up with the sand 
adhering to it by means of the root-hairs ; B represents the 
same plant when the sand has been carefully removed by 
washing in water. It is seen in this young condition that, 
with the exception of the end of the root, the root-hairs cover 
the whole surface, and are exceedingly numerous. If, how- 
ever, an older root is carefully pulled up and examined, it 
is then seen that the root-hairs are not present over the 
entire surface of the root, but that only a small zone a little 
removed from the various growing points is covered with 
root-hairs. The older parts of the root are seen to be 
devoid of hairs (fig. 8) as well as the growing points. 
Actual observation shows that the distance between the 
root-hairs and the tip of the root remains nearly always 
the same in roots of the same plant, and that as the root 
grows in length, new root-hairs are continually being 
produced just in front of those already commencing to 
develop, and these in their turn are gradually removed 
further and further from the apex. 

The growth in length of the root-hair is limited, and 
consequently when all the food substances within its reach 
have been absorbed, its function of feeding the plant comes 
to an end, its protoplasm is withdrawn into the root, and 
it dies. The existence of a root-hair is therefore transitory, 
and this explains why the older parts of the root are devoid 
of hairs. 

Qrowth in length. — We have already seen that each cell 
has three stages of life, and that during the second of these 
it grows until it has attained its mature size. It is by the 
simultaneous growth of a number of cells in this condition, 
that growth in length takes place. 

In order to determine the particular region where elonga- 
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tion in the root occurs, a I'ery simple experiment may be 
made. If a young root be marked with lines (say of Indian 



Fig 9 {from Frani, afltr Sacks). 

Hcdiu iDDshudidil section ihrungh Ihe ipu of  root of Zn nail (Indlu com). 

mm, cell dividing to fonn the celli oT the root : me, celli dividing to fonn root cap ; f, 

older celk of Iba root cap about to be diKarded ; (, r,/, m, the cells which irill re- 

roectirely dflm thsfili/trtui ieyer, ike greimd tiiiiu, the Jiimiucularliitiit, and 
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ink) one-eighth of an inch apart and left for a short time 

to grow, in a few days it will become apparent where the 

increase in length is taking place, because at that point 

the marks will have become further apart, indicating the 

amount of growth. By observing a root ^ 

marked in this manner, it will be seen 

that growth in length ukes place in a 

very limited zone. At the tip no increase 

in length takes place, for here new cells 

are continually being formed ; but at a 

little distance further from the tip growth 

proceeds very vigorously, and a little 

further removed from this again, growth 

in length altogether ceases. 

Growth in length then takes place very 
near the apex. To make this more clear 
a thin longitudinal section through the 
actual apex of a root (fig. 9) should be 
examined. The cells which will form the 
piliferous layer (fig. 9, e), ground-tissue (r), 
andflbro-vascular tissue (/) are seen clearly 
marked out from each other, at the apex 
{mw) the cells are seen to be dividing, 
and tracing the cells upwards they are seen 
gradually toeloi^ate (showing the zone of 
growth in length) until they commence to f- 10 iafur Frank). 
pass over into their permanent condition. Apex'orrwc oTZm 
At /on the left hand side, a wood-vessel >howing the root-oipl 
is being formed. 

The apex of the root, it will be noticed, is covered by a 
conical mass of cells closely packed together at the centre, 
but becoming more separated at the edge; they form a 
structure known as the Root-cap (figs. 9 and 10 c), which 
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originates from a group of dividing cells (fig. 9 mc) imme- 
diately covering the apex of the root. These cells by their 
continued division form the root-cap to protect the apex 
of the root as it is forced through the soil. The root-cap 
is continually being renewed, by the dividing cells forming 
new ones to replace those which are destroyed or worn 
away in its passage through the soil. 

Oircumnutation. — The root has been shown by Darwin 
to possess the power of " Circumnutation," that is to say, 
the extreme end continually endeavours to move in a 
small circle, and is thus able to find the path of least 
resistance. The tip of a root never grows in a perfectly 
straight line, but it continually moves first to one side and 
then to the other, and by adopting this device the root 
selects the softer and more moist places in the soil, avoids 
the stones, and is enabled more easily to effect an entrance 
into very hard soils. 

Geotropism. — The root, which first emerges from the seed, 
grows vertically downwards towards the centre of the earth, 
and it is a point of considerable interest to investigate the 
causes by which the root is guided in this direction. 

A seed when planted is acted on by two forces, one the 
attraction to the centre of the earth known as " Gravity," 
and the other the centrifugal force caused by the rotation 
of the earth and acting directly away from the centre. The 
former is much greater than the latter. The young root 
therefore is acted on by these two forces and its direction 
of growth coincides with that of the prevailing force. It 
would seem then that this force determines the direction of 
the root, and in order to prove whether this is the case or 
not, Andrew Knight devised an experiment which has since 
become familiar under the name of "Knight's Wheel." 
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This is merely a small wheel made to rotate in the hori- 
zontal plane with a number of seeds attached to its 
circumference. If these seeds are kept for a few days 
under the conditions favourable to germination (see Chapter 
VII.), which may generally be done by covering them with 
a bell-jar, it will be found that all the roots on germination 
instead of growing vertically downwards commence to grow 
in a direction nearly horizontal, turning away from the 
centre of the wheel. 

In order to understand this we must consider briefly the 
forces which act on the seeds revolving on a Knight's 
Wheel. These are again two, namely gravity acting 
vertically downwards, and the centrifugal force caused by 
the rotation of the wheel acting horizontally away from its 
centre. The resultant of these forces plainly acts in a 
direction inclined to the horizontal, and away from the 
centre of the wheel. As it is in this direction that the 
roots of these seeds grow, it is clearly demonstrated that 
the direction which the roots assume is determined by the 
resultant of the forces acting upon them. 

The root is therefore said to be irritable^ and by this is 
meant that it responds to external conditions. 

If the seeds which are placed on Knight's Wheel have 
already germinated, a very pretty experiment can be made 
by fixing the seedlings with their roots pointing towards 
the centre of the wheel, that is in exactly the opposite 
direction to that in which they would naturally grow. In 
a few hours it will be found that the tips of the roots have 
turned to point in exactly the opposite direction. It 
is also very interesting to note that the region where 
this reversal takes place is just behind the tip or where 
the cells have not yet become permanent, showing that 
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only growing cells are able to respond to the stimulus of 
irritation. 

Boot Branching. — The root which emerges from the 
seed and grows straight down is known as the tap or 
primary root. Numerous branches are borne upon it, 
which again ih their turn branch and re-branch until a very 
complex root system is developed. These are termed 
lateral or secondary roots, and are developed in obedience 
to two main laws. According to the first law, the younger 
roots are developed nearer the apex than those which are 
older, and so between any two roots another one younger 
than either is never produced. This arrangement is known 
as ocropetaL The second law determines the particular 
cells from which they are produced. In considering the 
structure of the root, we have seen that the primary wood- 
vessels touch a zone of cells known as the pericycle. It is 
from the pericycle cells, which are opposite to the primary 
wood, that the lateral roots are developed. These cells 
divide to form a root-cap and the cells which, when mature, 
will become the three tissue systems. The young root 
then commences to bore its way through the bundle sheath, 
cortex and piliferous layer of its parent root, and finally 
emerges as a lateral root. Roots formed in this manner 
are said to be endogenous. 

From the manner of their origin it follows that the 
lateral roots are arranged one above the other. The Cress 
root (fig. 4) can have only two rows of lateral roots, since 
it has only two groups of primary wood or protoxylem. 
The Broad -bean has four groups of protoxylem, and 
consequently the lateral roots are arranged in four 
rows. 

The lateral roots do not grow straight down, but are 
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always inclined to the vertical, spreading out in all 
directions. 

Increase in thickness. — In many roots the diameter is the 
same throughout their entire length excepting only the 
growing point ; others are conical, gradually diminishing in 
diameter towards the growing point, exaggerated examples 
being found in carrot, parsnip, &c. The former kind 
have no power of increasing their diameter after it has 
once been attained ; while in the latter a special zone of 
cells remains capable of division and the diameter of the 
root increases.. This zone of dividing cells is called the 
cambium: it is formed by the division of the cells 
between the primary wood and bast, and the power of 
division proceeds on either side from these groups until 
a ring of dividing cells is formed, which passes on the 
outside of the primary wood and on the inside of the bast. 
The cambium thus forms a sinuous line in transverse 
section. Each of the cells of the cambium on division 
forms two cells. One of these, after growing to the 
original size, again divides; while the other becomes, 
according to its position in the root, an element of wood, 
bast, or parenchyma. The bast formed by the cambium 
is placed immediately inside the primary bast ; while the 
secondary wood is not placed in connectioil with the 
primary wood but internal to the bast, so that the 
cambium cells internal to the bast form both wood and 
bast, the wood on their internal and bast on their external 
surface. Outside the primary wood parenchyma is formed. 
The cambium, which, when first differentiated, is a sinu- 
ous line, soon becomes circular, and thus by the activity 
of the cambium the diameter of the vascular cylinder 
increases. 
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The cells of the piliferous layer and ground-tissue in 
the root have not the power of dividing, and are therefore 
destroyed by this increase of the vascular cylinder ; but in 
order to replace them the cells of the pericycle divide and 
form a dividing ring of cells, which form parenchymatous 
cells on both outside and inside, those on the outside 
becoming bark. 

Varions FnnctioiiB. — Hitherto we have considered only 
one of the functions of the root, namely the manner in 
which it absorbs food from the soil, but in addition to this, 
the roots are the great anchors which hold plants firmly in 
their places, and enable them to resist the very consider- 
able force of the wind. They may also serve as a 
storehouse of reserve material. 

It is by the roots penetrating the ground and branching 
in all directions that plants are able to maintain their 
stems in an upright position. In plants whose height is 
not more than a few feet, little modification in the root is 
required for this purpose, but in tall trees which are 
exposed to high winds and are consequently liable to be 
blown down, the roots form large buttresses with the stem 
which support it on all sides. Good examples of these 
"Buttress-roots" are seen at the bases of such trees as 
the Oak, Ash, Beech, etc. 

Storage of Reserve Material. — The root in many cases 
forms an excellent repository for the various reserve 
materials which are manufactured by plants for use on 
a future occasion. This is especially the case among 
herbaceous biennial, or perennial plants, which live in 
countries where either warm and cold, or else wet and dry 
seasons alternate with each other, and whose stem dies 
down during the period unfavourable to growth. In these 
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plants the leaves manufacture, during the period ad- 
vantageous to plant life, more material than is required for 
immediate use. This excess of material is in many 
instances stored up in the roots, and forms the reserve 
fund from which stem and leaves are constructed in the 
next spring. An obvious advantage is gained ^by using 
the root as the storehouse, since it is hidden in the ground 
and cannot in hard winters be dug up by animals at the 
time when food is scarcest. 

The root being in so many cases the plant's storehouse, 
contains a large amount of material which is of great value 
as food : this explains why roots have been cultivated for 
this purpose from the earliest times, and why so much 
trouble has been expended on their perfection. The char- 
acteristics of an edible root, or of any portion of a plant 
which is eatable, are a large amount of thin-walled nutri- 
tive tissue and a small proportion of thick-walled tissue. 
The latter — ^wood-vessels and mechanical cells — is neces- 
sary to the life of the plant, and cannot be entirely dis- 
pensed with, but the former may be very largely increased 
by cultivation. The art of cultivation, then, is to produce 
the maximum amount of thin-walled tissue and the 
minimum of thick-walled tissue. This is well exemplified in 
the Carrot and Parsnip, &c. Wild Carrots and Parsnips are 
common in many parts of this country, and an examination 
of their roots shows that they are very much smaller than 
our garden varieties, and are made up of cells with thick 
and very hard cell-walls. The change from this condition 
to that of an ordinary well-grown Carrot or Parsnip, which 
is nearly entirely composed of thin-walled tissue, has been 
brought about gradually by cultivation through many years. 
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THE LEAF. 



The leaf of a plant is an object with which everyone is 
familiar, and yet to give a good definition of a leaf is 
difficult. 

In treating of the leaf we may consider it from two 
points of view — first, that of its form ; and second, that of 
its function. According to the first idea, a leaf is a 
flattened expansion differing from the stem on which it 
is borne, its shape being directly adapted to secure the 
greatest amount of light and air ; according to the second 
idea, it may be described as an organ of manufacture and 
assimilation. 

Generally a leaf has three separate parts, the blade^ the 
stalky and the sheath. 

The Stalk or petiole supports the blade, and maintains 
it in the most advantageous position, and at its lower ex- 
tremity it widens out in many cases to form the sheath. 
This is merely an expansion of the stalk clasping the stem, 
and is often produced into foliar expansions known as stipules. 

The Blade, as the most important part of the leaf, should 
now be considered, and its structure examined. This is 
best done by taking thin sections cut perpendicular to its 
plane. Such a section is represented in fig. 1 1, in which 
the leaf is seen to be built up of the three tissues, 
epidermis, ground-tissue, and fibro-vascular tissue. 
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The Epidermis consists of a single layer of cells which 
covers the entire leaf, and so is found as the exterior layer 
on both upper and lower surfaces. The cells of the 
epidermis fit very closely together, in section they are 
rectangular (fig. ii), but in surface view {fig. la) their 
shape, though very irregular, is in accordance with the 
general outline of the leaf, for example in the leaves of the 
Grasses, they are much longer than broad (fig. 1 2, lower 



Fig. II (/TDin Slrasturgtr). 
Transvcn« Kedion Ihroush \K^f ^^ Fa£iit t^i<atua (Beech); tfi, t^"i tpidenalt 
of upper lurfKa of leaf; c/', cpidermii of lower suifHcewiih  Btonudi); fi. pili- 
aade jAver; f/', f/",apoDgy parenchjoiH, wiLh Urge iDUrcellular spacei; Jt, nlli 

ii Hcn belvecn ihe'cslis *!* '^°" '"" 

fig.), being extended in the direction of the leaf. Here and 
there, especially on the lower surface, when the leaf projects 
horizontally, are small openings guarded by specially con- 
structed cells known as stoma (hg. 11, st). Many of the 
cells are produced to form hairs, — these may be either 
unicellular or multicellular, and are often formed in con- 
nection with the stoma. The rough appearance of many 
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leaves {Prickly comfrty), and the velvetyness of others, is 
due to their pre- 

paratively speak- 
ing, few leaves are 
devoid of hairs. 

The epidermal 
cells contain pro; 
toplasm but have 
no chlorophyll 
(page m), ex- 
cept in. the guard 
cells of the stoma; 
the. outermost 
wail of the epi- 
dermal cells is 
often very much 
thickened, and 
the very extreme 
layer chemically 
changed into a 
substance known 
as cuHn, so that 
the entire leaf is 
enclosed in an 
envelope known 
as the cwAV/fi. The 
cuticle extends 
Fig. 13 {afttr Prank and TsMrsch). over the hairs and 

DistribntioD of ftonu on the leaves of Beta witgarit - ^ .\_ 

(B«t), upper ligun, ud Atimt •ativa (0>i), lower mto ttie opcnmgs 
^ -^','Md;^'i''ce'S'?^nrX'6bri:v?S of the stoma. 

bundl-ii, which «pn«„. not derdoM. y^e Groond- 

tissue of the leaf, often called the mts^hyll, is composed 
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of parenchymatous cells, and is divided into two distinct 
layers of cells, forming two tissues, the palisade tissue 
and the spongy parenchyma (fig. 11). Those cells in con- 
tact with the upper surface are in shape longer than broad, 
they fit very closely together and have their long axes 
perpendicular to the upper epidermis of the leaf, from their 
general appearance, having their longer axes parallel to each 
other and in close contact, the name " palisade " has been 
given to them. These cells contain a large number of 
chlorophyll corpuscles, — some of them contain crystals, 
some may be formed into glands containing various oils, 
and some become very large, branched and thick-walled, 
and thus serve as mechanical supports. 

Quite different in appearance are the cells between the 
palisade and the lower epidermis ; they are characterised by 
their irregular shape, and by the large intercellular spaces 
between them, and are therefore known as the "spongy" 
tissue of the leaf. The intercellular spaces are in con- 
nection with each other throughout the leaf, and are 
especially large where they are bounded by the epidermal 
cells. These larger spaces form air-chambers which 
communicate with the outer air by means of the stoma 
and thus allow the interchange of various gases in the inter- 
cellular spaces with those of the atmosphere. This can 
easily be demonstrated by placing the blade of a leaf in 
the mouth and the cut end of its stalk under water, — upon 
blowing, bubbles of air will be seen to emerge from the 
end of the stalk. 

The Fibro-vascular bundles are situated about the middle 
of the leaf, between the palisade and spongy tissues. Each 
bundle consists of wood and bast, with the wood nearer 
the upper surface. 
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The wood is composed of spiral or annular tracheides, 
these are wood cells which differ from the vessels in having 
the partition walls perforated but not entirely absorbed. 
The elements which compose the bast are similar to those 
which compose the bast of either stem or root. 

The ground-tissue cells which immediately surround the 
bundles are devoid of chlorophyll, and are known as the 
bundle sheath ; these cells play an important part, as the 
channel through which the non-nitrogenous substances are 
conveyed away from the leaf. 

Venation. — The fibro-vascular bundles of a leaf branch 
and join with each other forming a network which is 
popularly known as the Veins (fig. 13). 

The forms of venation may conveniently be divided 
into two groups, the parallel venation and the reticulate or 
net venation. In the latter, which is the commoner type 
for the plants of this country, a prominent fibro-vascular 
bundle, known as the mid-rib, enters the leaf from the stalk 
dividing the leaf into two halves. From this numerous 
lateral branches arise and these again branch and rebranch, 
and finally anastomose, to form a kind of net. The meshes 
of this net are very small and into these again branches of 
the bundles extend and end blindly. Sometimes more 
than one bundle enters from the leaf-stalk, but the veins 
are in communication with each other in the same manner. 

In leaves like the Grasses, many bundles very close to- 
gether enter the leaf and continue parallel to each other 
to its extremity, with here and there a fine bundle running 
across the leaf, connecting neighbouring bundles. Always 
therefore the blade of a leaf is divided into very small 
areas by the fibro-vascular bundles. Very good illustrations 
of the branching of the fibro-vascular bundles can be 



-^— - - , -^ jr Ladim' Finger*), bom 

e b«CD nmoved, to abow the aetwork td the filHT>-vuciilAr 



so AGRICULTURAL BOTANY, 

made by preparing leaf-skeletons, in which process the 
cells of the leaf whose walls are thin and made of cellulose 
are disorganised by soaking in water or by boiling in weak 
solutions of potash or soda, while the woody portion of the 
fibro-vascular bundles, being lignified, remains uninjured 
and can be easily separated, showing how each minute area 
of a leaf is supplied by a fibro-vascular bundle. 

Stoma. — In order to connect the intercellular spaces of 
the leaf with the outside air, minute passages guarded by 
special cells are formed in the epidermis. These passages 
with their guard cells have previously been described and 
are known as Stoma, but their function in the leaf is so 
important that special attention must be paid to their 
structure and function. 

The stoma are developed either directly from an 
epidermal cell, or, if the mature size of the epidermal cell 
is too large, from a portion specially cut off from it. 

The cell about to form the stoma divides into two 
similar halves (the guard-cells), and soon assumes the form 
of an elliptical disc, while the division wall thickens and 
splits longitudinally in the centre, so that a narrow slit is 
formed in the thickness of the cell-wall, extending about 
half its length, and thus there is a narrow channel between 
the guard-cells opening on the inside into the intercellular 
spaces of the leaf, and on the outside into the air. 

In transverse section (fig. 14) the walls of the guard- 
cells are seen to be thickened on the external and internal 
surfaces, the thickening extending over the walls bounding 
the slit, but gradually diminishing towards its central line, 
while the opposite wall, separating the guard-cell and its 
neighbouring epidermal cell, is only slightly thickened. 
Seen in this view the cavity of the cell, roughly speaking, 
is triangular. 
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Stoma Meclianics. — A cell, we have seen, when turgid has 
its cell-walls stretched and these being elastic the volume 
of the cell is increased. A thin cell-wall is stretched more 
easily than a thick one, and if a cell has some portions 
of its walls thinner than others, the thinner portions will 
naturally yield more readily to any diflference in the 
turgidity of the cell. Now we have seen that the guard- 
cells of a stoma are united together at their extremities, 
and their walls strongly thickened around the slit, and that 




Fig. 14 ( X 240. From Strasburger), 

Epidermis from lower surface of leaf of Traefescantia virginica (Spider- 
wort). ./4 , a stoma seen from surface ; B^ in transverse section with 
large air-chamber beneath it. 

it is only the middle line of the slit and the walls opposite 
to it which remain almost unthickened. The variations of 
pressure in these cells caused by difference of turgidity will 
therefore affect the cell-wall at these points. Thus if the 
turgidity is increased they cannot increase in length since 
their extremities are connected together, and because of 
the thickening around the upper and lower edges of the 
slit, and the volume of the guard-cell can only be increased 
by the thin wall between it and the epidermal cells bulging 
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out, consequently the very thin portions of the walls in 
the slit will separate from each other, and the slit will open. 
Conversely, as the turgidity of the guard-cells diminishes, 
the aperture closes. 

When therefore the guard-cells are turgescent, and this 
will happen when the air contains moisture and a copious 
supply of water is passing from the roots to the leaves, the 
stoma opens, but on the other hand when the air is dry 
and the available supplies of water from the roots are 
insufficient, the stoma closes. In this way the guard-cells 
of the stoma can approach and separate from each other, 
forming a beautiful piece of mechanism by means of which 
they regulate the interchange of gases and check excessive 
evaporation from the leaves, thus enabling the plant to 
some extent to resist adverse external conditions. 

Although the stoma are usually situated on the under 
side of the leaf, yet they may occur on the upper side also. 
Their distribution on the leaf varies greatly with the habit 
of the plant ; thus in leaves which are placed horizontally 
the stoma will be found much more abundantly on the 
lower surface, but in leaves which assume a vertical position, 
and therefore have both surfaces equally exposed, the stoma 
will be found nearly equally distributed on both surfaces. 
If again the leaf floats on water like that of a Water-lily, the 
stoma will be confined entirely to the upper surface. 

The number of stoma on a leaf is almost incredible, — as 
many as 11,000,000 are said to exist on a Cabbage leaf, 
and about 13,000,000 on the leaf of a Sunflower. 

Transpiration. — ^The root by means of its countless 
number of root-hairs is continually absorbing water from 
the soil, and with this water whatever mineral substances 
are dissolved in it, such as sulphates, nitrates, phosphates, 
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&c. It is this mineral matter which is the food of the 
plant, and is used either directly or indirectly in building 
up new cells. The water absorbed by the root-hairs 
contains only a small proportion of mineral matter, and 
hence a large amount of water has to be evaporated in 
order that the plant may absorb the necessary amount of 
food. One of the offices of the leaf is to get rid of this 
superfluous water. 

In considering the stem we shall see how the wood- 
vessels of the root are continuous with those of the stem, 
and these again with those of the leaf, and that through 
the wood-vessels the water absorbed by the root-hairs is 
passed up to the leaves, and distributed throughout the 
leaf by the numerous branches of the woody portion of 
the fibro-vascular bundles. 

The superfluous water becomes, vapourised in the inter- 
cellular spaces of spongy parenchyma and readily passes out 
through the stoma, while the mineral substances remain 
behind in the leaf. The process whereby the surplus 
water is evaporated from the leaf is known as Transpira- 
tion ; this takes place from the whole surface of a plant, 
but especially from the leaves, and it is a process which is 
exceedingly important, for without it no fresh supplies of 
food could be absorbed from the soil. 

The amount of water transpired from a plant is very 
considerable, but much less than would be evaporated 
from an equal surface of water exposed to the same 
conditions; the reason of this is that the protoplasm of the 
living cells ofiers a resistance to the loss of water. To 
find out how much this loss is, measurements of the actual 
amount of water transpired from a plant have repeatedly 
been made. Thus Stephen Hales as early as July 1724 
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found that a " middle sized cabbage plant " transpired on 
an average i lb. 3 oz. {avoir,) in twelve hours (day), " its 
surface being 2736 square inches or 19 square feet," and 
that a Sunflower three and a half feet in height transpired 
I lb. 4 oz. per twelve hours, its surface being 39 square 
feet. In these experiments the quantities of water tran- 
spired were found by carefully weighing the plants morning 
and evening for several days, care being taken to estimate 
the amount evaporated from the flower-pot, and to prevent 
evaporation from the surface of the soil by covering it with 
a thin lead plate cemented to the sides of the pot. 

Again Dr Haberlandt found that an Indian corn plant 
transpired 854 cubic inches of water in 173 days. 

Experiments illustrating the amount of water transpired 
can be easily devised. A simple one, due to Dr Pfefier, 
consists in growing a plant with its roots in water in a 
glass jar, and measuring the amount of water which is 
transpired, by the sinking of the water in the jar. In this 
experiment it will be necessary to prevent evaporation from 
the surface of the water. 

Transpiration is affected by many external conditions 
and certain of these we may briefly consider. 

Temperature and Light both affect transpiration, which 
becomes more vigorous with arise gf temperature, and takes 
place more rapidly in light than in darkness. 

The Age of the leaf greatly influences transpiration. 
When the leaf is young, before the cuticle is fully developed, 
transpiration is very active, taking place through the walls 
of the epidermal cells, but when the cuticle is developed, 
this is in a great measure arrested, and transpiration then 
takes place through the stoma. 

The Moisture in the air naturally affects transpiration, 
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and experiments prove that transpiration diminishes as the 
air becomes more and more saturated with watery vapour, 
while a dry atmosphere promotes a more copious evapora- ^ 
tion. 

The Nature of the soil in which a plant grows exerts 
considerable influence upon transpiration. In a clayey 
soil which retains water, the plant has a constant supply to 
draw upon and so transpires more than would be the case 
in a sandy soil, from which water very easily drains away. 

The quantities of soluble mineral salts such as sulphates, 
nitrates, phosphates, which are some of the constituents 
of plant food, if present in too great a quantity retard 
transpiration. With each of these there is an optimum 
percentage most favourable to its absorption by the root- 
hairs and hence to transpiration, but if the percentage is 
increased or falls below this, less water is absorbed and 
the transpiration therefore is less also. With acids this 
percentage is greater than with alkalis, but is always very 
small, never being more than '5 per cent, and often much 
less. 

Transpiration, being stimulated by both light and higher 
temperatures is therefore very much less during the night 
than the day. During the night, the activity of the roots 
fills the wood-vessels, sometimes to such an extent that 
drops of water are found exuding from the tips of the 
leaves ; but during the day, transpiration draws upon this 
supply of water, and the evaporation from the leaves causes 
the pressure in the plant to fall below that of the atmo- 
sphere and materially assists in causing a stream of water 
to flow upwards to the leaves. This negative pressure can 
easily be demonstrated by bending the stem of an actively 
transpiring plant beneath mercury and cutting it in two so 
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that the cut ends are beneath the surface of the mercury. 
It will then be found that the mercury is driven into the 
cut ends of the stem by the pressure of the atmosphere, 
showing that this is greater than the pressure inside the 
plant. 

Leaves are often seen to flag upon a hot day, and to 
recover themselves in the evening, even when no rain has 
fallen. The flagging is due to the leaves losing more 
water from transpiration than the roots can supply. The 
cells of the leaf therefore lose their turgidity and the leaf 
droops and withers. In the evening, however, transpiration 
diminishes, and the roots are able to supply the loss caused 
by transpiration and to restore turgidity to the cells. 

Mannfacture of Starch. — Carbon is required as one of 
the constituents of cell-wall and protoplasm, and a supply 
of this element is necessary that new cells may be formed. 
The whole of the carbon required by the plant is derived 
from the supplies of carbon existing in the air in the 
form of a gas known as carbonic acid. 

Carbonic acid is a colourless, invisible gas formed by the 
union of oxygen and carbon. When any carbonaceous 
matter (wood, coal, &c.) is burnt its carbon unites with 
the oxygen of the air and forms carbonic acid, while heat 
and light are given out. Not only is carbonic acid formed 
whenever a fire burns, but it is also formed during the 
process of respiration of both animals and plants. Carbonic 
acid is being continually supplied to the air by the respira- 
tion of every living being and by the countless smoking 
chimneys, and if it were not constantly being removed, the 
amount would become too great for the existence of animal 
or vegetable life. But every green plant during the day- 
light absorbs, this carbonic acid, breaks it up into its 
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components carbon and oxygen, fixes the carbon and 
liberates the oxygen. The quantity of carbonic acid in 
the atmosphere is at any given time small, varying between 
three to nine volumes of this gas in every 10,000 of air. 

In describing the cell contents we noted the presence of 
small green bodies (fig. i) which are known as chloro- 
phyll corpuscles. 

The importance of the chlorophyll corpuscles cannot be 
over-estimated, as it is in these bodies that the carbonic 
acid is broken up under the influence of sunlight, and the 
carbon used up in the manufacture of starch. The starch 
then is manufactured by the chlorophyll corpuscle, but the 
details of the process, from the disappearance of the 
carbonic acid to the appearance of starch (which is the 
first visible product), are at present unknown. 

The presence of starch can easily be determined by the 
use of iodine, this substance having the power of turning 
it a deep blue colour, and it is therefore often employed as 
a test for starch. 

A very convenient method of demonstrating that starch 
is made in the leaves of plants under the influence of light, 
is by covering over some of the leaves of a plant, for a few 
hours, with a box impervious to light, and then testing them 
for starch with some other leaves which have been exposed 
to the light. This is easily done by dissolving out the 
green colour in alcohol (spirits of wine) and immersing 
them in a solution of iodine. The leaf exposed will be 
found to turn dark blue or even black from the presence 
of starch, while the covered leaves will remain almost 
white, or turn a yellow-brown. This experiment only 
proves that starch is made in the leaves ; in order to show 
that it is made in the chlorophyll corpuscles a microscope 
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is necessary. Sections of the covered and uncovered 
leaves, if treated with iodine and magnified, will show that 
in the former no starch is present in the cell, and that in 
the latter minute grains of starch may be seen in the 
chlorophyll corpuscles. 

In tr>'ing this experiment one or two precautions are 
necessary ; firstly, a thin leaf such as that of a Balsam or 
Tropaeolum {Nasturtion) should be chosen, and the leaves 
should be young, for if too old or thick the difference of 
the colours is not so perceptible ; secondly, the leaves must 
be covered up for a sufficiently long time, which is easily 
ensured by covering over the leaves in the evening and 
examining them the next morning. The leaves will be 
found to discolour more quickly in the alcohol, if steeped 
for a few moments in boiling water, which kills the pro- 
toplasm; the spirit will then saturate the leaves more 
readily and dissolve the green colour. 

Very interesting experiments can be performed by ex- 
posing only a part of a leaf previously kept in darkness — 
this can be done with tinfoil or thick brown paper — and 
then testing for starch as before. Patterns and letters cut 
in the tinfoil can be accurately reproduced on a leaf in this 
way, care being taken not to sever the leaf from the plant, 
or in any way to injure it. 

We have thus seen the influence of light and how indis- 
pensable it is to the manufacture of starch ; it now remains 
to consider the details of the manufacture and to show that 
carbonic acid is broken up when starch is formed. This 
can easily be determined by exposing a plant to the light 
in an atmosphere containing no carbonic acid, when no 
starch will be formed ; or by exposing one half of a leaf 
to an atmosphere with no carbonic acid, and the other half 
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to an atmosphere having this gas as one of its constituents, — 
then it will again be found that starch is manufactured only 
in the half which has a supply of carbonic acid to draw 
upon for the carbon which is required in the formation of 
starch. 

By growing plants in an atmosphere containing a given 
amount of carbonic acid, it can be ascertained by careful 
measurement and analysis that all the carbon disappears 
from the air, and that the weight of the plant is increased 
by the weight of the carbon manufactured into starch, while 
the oxygen is set free into the air. 

Heat too plays an important part in assimilation. The 
lowest temperature at which starch can be formed varies 
with different plants. Some can even assimilate at a 
temperature as low as 36* F., though of course feebly. 
The temperature most favourable is about 86° F. and at 
temperatures higher than this it again diminishes. 

The process may be briefly summarised thus : — 

If starch is heated in the air to a sufiiciently high tem- 
perature it takes fire and burns, its carbon unites with the 
oxygen of the air, carbonic acid is formed, and the hydrogen 
and oxygen pass off as steam; that is, the starch disappears, 
carbonic acid and water are produced, with the evolution 
of light and heat. In the manufacture of starch this pro- 
cess is exactly reversed, water and carbonic acid are 
absorbed by the chlorophyll corpuscles, and these derive 
the energy necessary to break up the carbonic acid from 
certain rays of the sunlight. 

Although carbonic acid in the air is essential to plant 
life, yet if present in too great a proportion it is very 
injurious. The optimum amount of carbonic acid is about 
9-10 per cent., being greater in direct sunshine than in a 
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dim light; quantities above this retard the formation of 
starch. 

Transference of mannfactnred products. — The various 
nitrogenous compounds known as proteids which are made 
as the preliminary step in the formation of new protoplasm, 
are manufactured partly from the raw material, such as the 
various salts absorbed by the roots. 

Our knowledge as to the exact chemical process by 
which proteids are manufactured is still incomplete, but it 
appears that these substances are manufactured in the cells 
which contain chlorophyll, and therefore chiefly in the 
leaves. This is shown by a larger amount of proteids 
being found in the leaves than in other parts of the plant, 
and a correspondingly small amount of unmanufactured 
nitrogenous salts. 

The leaves then are the seat of manufacture of both the 
nitrogenous and non-nitrogenous substances which are 
used in building up a plant, and these substances must be 
conveyed to other parts of a plant in order to make room 
for additional supplies to be made. These manufactured 
substances obviously travel to parts of the plant where they 
are required to be used in the formation of new cells, or 
are stored up as reserve material to be drawn upon on a 
future occasion. 

The paths by which the nitrogenous and non-nitrogenous 
substances travel are always kept distinct from each other. 
The proteids travel in the sieve tubes, while the non-nitro- 
genous compounds are conveyed from cell to cell in the 
bundle sheath or in the parenchyma between the bundles 
and the lower epidermis. A pretty experiment to illus- 
trate this may be tried by placing a thin leaved plant such 
as a Nasturtion {Tropceolum) in the dark for a night, and 
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in the morning discolouring and treating with iodine (see 
page 57), when the fibro-vascular bundles will be found 
picked out as black lines, showing that during the night 
the starch made in the previous day had been collected to 
the parenchyma in connection with the fibro-vascular 
bundles, as a preparatory step to being conveyed from the 
leaf. Exposure to darkness for a longer period and 
similar examination, will show that all the starch has been 
conveyed away from the leaf along these channels. 

The small pores in the cell-wall by which the protoplasm 
of one cell is in connection with the next are far too small 
to admit a starch grain to pass through, the starcH grains 
must therefore be rendered soluble, and for this purpose 
they are converted into a kind of sugar, and in this form 
the non-nitrogenous substances are readily conveyed from 
cell to cell ; during this process, however, the sugar may 
temporarily be re-converted into starch. 



CHAPTER V. 

STEM. 

The stem, generally speaking, is that part of a plant which 
grows upwards, bearing the leaves, affording them support, 
and enabling them to secure to the best advantage the 
necessities of light and air. As we shall see later on, it 
may be modified to serve other purposes in the plant 
economy. 

Bean Stem. — As a type of a stem we will first consider 
that of the Field Bean ( Vicia faba\ and then proceed to 
consider the stems of a few other types of plants. On 
external examination this stem is found to be square, with 
a prominent ridge running down each corner. It is 
divided into a number of lengths by the insertion of the 
leaves, the points of insertion being known as nodes, and 
the portions of the stem between them as internodes. 

A thin transverse section through an intemode, cut with 
a sharp razor or knife, shows that the internodes are 
hollow ; while, cutting the stem longitudinally in halves, we 
further learn that the central cavity extends from the root 
to nearly the top of the stem, gradually diminishing towards 
these extremities. With a little magnification (fig. 2) the 
epidermis, ground tissue, and fibro-vascular bundles can 
be clearly made out. 

The Epidermis forms, as in the majority of cases, a layer 
of one cell in thickness, with the surface of the outer walls 
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cuticularised. Numerous stoma are present, and the stem 
is smooth, so that no cells are found projecting as hairs. 

The Ground tissue may conveniently be divided into 
three portions — (a) a central portion, the//M, enclosing the 
hollow cavity, and itself enclosed by the fibro-vascular 
bundles ; (b) a peripheral one, the cortex^ enclosing the 
fibro-vascular bundles; and {c) the part which separates 
the individual fibro-vascular bundles, the nudullary rays. 

The cells of the pith are parenchymatous and thin- 
walled ; they contain no protoplasm, and are therefore dead. 
These cells are, however, not always in this condition ; 
near the growing point, where the first few internodes are 
solid, and have not grown to their full length or thickness, 
the pith cells are in the living state, but their power of 
increasing by division is limited, and hence, as the stem 
assumes its final thickness, numerous intercellular spaces 
are formed, which result in the formation of one large 
intercellular space, the cavity of the internode. 

The cortex cells are easily divided into two groups — {a) 
thin-walled parenchyma cells (fig. 2, co\ containing proto- 
plasm with chlorophyll corpuscles ; between these cells are 
numerous intercellular spaces communicating with each 
other, and with a much larger space beneath each stoma, 
resembling somewhat the spongy tissue of a leaf — (b) cells 
with their walls thickened, especially at the angles ; these 
occur at the four corners (fig. 2, s\ and take part in the 
mechanical construction of the stem. There is therefore 
a division of labour in the cortex cells : the thin-walled 
cells are assimilating cells, while those with thick walls are 
mechanical. 

The medullary rays at first are composed, of thin-walled 
parenchyma, but in the older internodes their walls are 
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thickened, forming with the wood a firm cylinder of 
supporting tissue. 

The medullary rays which are formed in this manner 
extend from node to node, and are termed the primary 
medullary rays; but in addition to these numerous 
secondary rays are formed in the wood of woody stems : 
these differ from the primary rays in never extending to 
the pith, being only a few cells in height, while they 
resemble them in retaining protoplasm. 

The Fibro-vascular bundles are seen isolated from each 
other by the medullary rays, which fill up the intervening 
spaces, the two forming together a continuous ring. The 
bundles resemble each other very closely, and confining 
our attention to any one of them we see the wood towards 
the centre of the stem and the bast immediately exterior 
to it. Each of these parts is built up of vessels, fibres, 
and parenchyma. 

The wood vessels (fig. 2) are clearly recognised in 
transverse section by their larger diameters and thick 
walls, forming a conspicuous feature. The diameters of 
these vessels gradually decrease towards the internal por- 
tion of the bundle, where the spiral or annular vessels are 
. situated (fig. 15), the vessels with larger diameters being 
the pitted or dotted ducts. 

"Y\\^ fibres (fig. 15, b\ though easily distinguished in 
longitudinal section by their pointed ends dove-tailing with 
each other, are hardly to be distinguished in transverse 
section from the parenchyma. The fibres give great 
strength and toughness to the stem. 

The wood parenchyma cells have thick walls, but never 
lose their protoplasm, and hence are always in the living 
condition. 



The wood as a whole assists greatly in adding strength 
to the stem, enabling it to bear its leaves and fruits ; but 
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in this, as in all herbaceous stems, strength is also derived 
from certain thick-walled cells of the ground tissue. 

The bast fibres^ the most exterior part of the bundle 
(fig. 2, b/,\ are thick-walled elements, very much longer 
than broad, with the ends drawn out to points (fig. 15, ^) 
to give greater strength. 

Bast vessels or Sieve tubes, unlike the corresponding 
elements of the wood, retain their protoplasm and cell 
contents. Their characteristic feature is the presence of 
Steve plates, or areas in their walls more or less circular, 
which are perforated with minute pores. When the sieve 
plates occur at the ends of these vessels, the whole area of 
the partition wall is perforated (fig. 16, A) \ but on the sides 
the pores are restricted to certain areas. The pores are 
the means of communication between one vessel and its 
neighbours. The perforations in the sieve plates vary 
very much in size,. and are often wholly or partially closed 
by a substance known as callus. The protoplasm lies in 
contact with the cell wall, and is of a much more watery 
consistence than in ordinary cells {B, pr.) A "plug of 
slime " {B) is often found at the upper end of the sieve 
tube in connection with the sieve plate. The sieve tubes 
are rich in cell contents, in which proteids form a large 
proportion, and they are the channel by which these sub- 
stances are conveyed from one part of the plant to another. 
Sieve tubes are therefore found in all parts of the plant. 
Being thin-walled they require support, and are always 
found associated with stronger elements. 

Bast parenchyma, thin - walled parenchymatous cells 
occupy the spaces between the bast vessels. 

Growth in length. — ^The majority of stems are capable 
of an unlimited growth in length ; many grow upright into 
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the air, while others creep horizontally either on the 
surface or else below ground. As in the root, it is only 
near the apex that any extension of length can take place. 

The development of leaves in the stem follows a definite 
law. The younger leaves are always formed nearer the 
apex than those which are older, each leaf arising as an 
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outgrowth near to the growing point, and being succeeded 
by a similar outgrowth as soon as there is room on the 
growing point. 

In exactly the same manner the youngest and smallest 
interaodes are formed at the extreme tip of the stem. 
At the apex the intemodes are very short, causing 
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the leaves to be crowded together; but as they be* 
come farther removed from the end of the stem, the 
distances between the nodes successively increase. The 
undeveloped leaves and internodes are known as Buds^ 
the older leaves of which cover over and afford protection 
to the younger ones. Gradually, as the leaves become 
developed, the internodes lengthen and separate them, and 
the growth in length of a stem is the sum of that of all its 
internodes. The number of these capable of growth is 
not many, and differs in different plants ; those which are 
most actively increasing in length are near the bud, so 
that at no great distance from the tip a maximum length 
of each internode is attained. 

The increase in length of each internode is caused by 
the united growth in length of all its cells ; while they are 
in the second stage (page 14), the length of an internode 
increases, but the rate of its growth gradually diminishes 
as its cells pass into the third stage. The life of an 
internode, then, passes through three stages similar to 
those of any of its cells. 

The angle between a leaf stalk and its stem is called 
the axil of the leaf. It is in the axils of the leaves that 
branches are produced, and as a consequence, they follow 
the same law of development as leaves — ^that is, the younger 
branches are nearer the apex. A branch is, however, not 
produced in the axil of every leaf. 

Growth in thickness. — In very young internodes the 
cells which are to become the three tissue systems, are 
clearly differentiated. Those to form the epidermis and 
ground tissue gradually become permanent. The cells 
from which the fibro-vascular bundles develop extend as 
strands nearly as far as the growing point, and are soon 
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divided into those destined to be bast, and those to be wood. 
The spiral vessels (fig. 15), the first elements of the wood to 
be formed, commence their development at the most 
internal portion of each bundle, and the differentiation 
spreads in the centrifugal direction as the other vessels, the 
fibres and parenchyma, are constructed. The first forma- 
tion of the bast commences with the bast fibres at the 
external portion of the strand, and proceeds centripetally. 

Two cases may now arise, either (i) as the differentiation 
of the wood and bast proceeds in opposite directions, these 
tissues meet, and all the cells become permanent, or (2) 
some cells between the wood and bast may not become 
permanent, but remain in the dividing condition, and it is 
these cells which are known as the cambium. 

In the first case the bundles are said to be closed. 
Closed bundles are not uncommon, and occur in plants 
whose stems do riot increase in thickness, such as Grasses^ 
Lilies^ Sedges, 

In the second case, by the division of the cambium cells, 
elements are successively added to both wood and bast, 
and in this manner the bundles increase in size. The 
cambium cells are thin-walled, much longer than broad, 
and elongated in the direction of the length of the stem. 
They divide longitudinally by a wall parallel to the circum- 
ference of the stem, and of the two halves so formed one 
continues capable of growth to its original size and then 
divides as before, while the other becomes a permanent 
element of either wood or bast. From what has preceded 
it is clear that increase in thickness only takes place after 
growth in length is finished. It is in this way by the 
continued addition of cells, vessels, or fibres, that the 
woody trunks of our large trees are constructed. 
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Grass stem. — In many respects the stem of the Grass 
resembles that of the Bean, but there are certain points of 
difference. 

The Grass stem is round and hollow, but divided into a 
number of chambers by transverse partitions which are 
developed at the nodes. 

The nodes are clearly visible on the outside as ring-like 
thickenings, familiarly known as knots or joints. The 
internodes in the young stage are solid, and the cavities are 
formed like those in the Bean by the breaking away of the 
pith cells from each other. 

The aerial stems of our common Grasses are terminated 
by the inflorescence, as the arrangement of the flowers is 
termed. The number of internodes taken up by the 
inflorescence varies according to the kind of Grass, but 
being nearer to the growing point than the stem-intemodes, 
are necessarily younger than the latter ; &nd thus, after the 
development of the inflorescence, no new internodes can be 
formed. Even when the plant is only a few inches high, 
the inflorescence commences to develop, and consequently 
the full number of internodes and leaves are formed, and 
the subsequent growth in height of the plant is due entirely 
to the elongation of the stem-internodes. The number of 
these in the Oat or Wheat is generally four or five, and the 
last one bearing the ear is generally greatly prolonged. 

During a brief period all the cells of the stem-internodes 
take part in its elongation, but gradually they become 
permanent, leaving only a narrow zone (fig. i8, v), just 
above each node, in the dividing condition. It is by the 
division of these cells that the great part of the elongation 
of each stem-internode is due. In the dividing condition, 
the cell walls are very thin and weak, and would be unable 
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to support the stem above them, were it not that the leaf 
sheath clasps round the stem-internodes for nearly their 
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whole length, and gives the requisite support to the 
stem. 

Transverse sections of a stem of one of the cereals are 
seen in fig. 1 7. Enclosing the stem is the epidermis {e\ 
and succeeding this is the cortex in which the assimilat- 
ing cells {ch), may be clearly distinguished from the 
mechanical cells {b). The assimilating cells, which require 
light, are in contact with the epidermis, only here and 
there separated from it by a group of mechanical cells, 
which appear to the naked eye as white, longitudinal streaks 
on the green stem. The mechanical cells form a supporting 
cylinder {b). 

The fibro-vascular bundles are arranged in two rings, 
the smaller external ones are embedded in the mechanical 
cells, while the larger ones are supported by mechanical 
cells at their most external and internal parts. The bundles 
have wood and bast arranged with the spiral vessels on the 
inside. The wood is often compared to a V pointing to 
the centre of the stem, the bast being between the arms of 
the V. 

The bundles of the Grass stem differ from those of the 
Bean in having very few wood vessels, and hence they 
require the support just mentioned. They have no 
cambium, and when therefore one of these bundles is 
formed, it is closed, and has no means of increasing the 
number of its elements. Thus the Grass stem cannot 
increase its diameter, and is therefore cylindrical. 

The Potato. — ^The Potato presents a very interesting 
example of a portion of a stem modified for the special 
puipose of storing reserve material. This is best explained 
by considering the life history of a Potato. 

If one of the seeds from a potato fruit (often known as 
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potato apple or potato ball) be planted, upon germination 
a young plant is developed in the normal manner. The 
first two leaves (seed leaves) which appear above ground 
are smaller, and different in shape from those which 
succeed them (fig. 19, A). In the axils of these leaves 
and of the first few which succeed them (three in A) 
branches are produced which, instead of growing up- 
wards, penetrate the ground (A). The extremities of these 
branches increase in diameter and so form small tubers. 
These tubers bear a number of scale leaves in whose axils 
" eyes " are formed, the eyes being small buds which will 
develop into shoots in the next year. The tubers, then, 
are stem structures, since they are borne on branches, 
developed in the axils of leaves, have the characteristic 
anatomical structure of stems, bear leaves, and have no 
root cap. 

A section of one of these tubers shows that it consists 
of a large number of thin-walled cells, each containing 
numerous starch grains (fig. 19, C), surrounded by a layer 
of several empty cells whose walls have turned brown and 
which form the peel (^, k). Several of the cells just 
inside the peel contain small rhomboid crystaloids ; these 
are readily soluble in water and weak salt solution, and 
are the nitrogenous reserve material — that is, the surplus 
material manufactured after the stem, leaves, and root have 
been formed. 

If one of these tubers be planted in the next year, a 
stem is produced from one of the eyes which soon appears 
above ground with its leaves, roots at the same time also 
being formed. The materials out of which these members 
are built, are the reserve materials stored up in the previous 
year. The leaves, as soon as formed, commence the 



manufacture of starch and proteids, which are used in the 
formation of new stem, leaves, and roots. At the same 
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time nndei^ound branches are formed, and the surplus 
starch and proteids are again stored up in tubers and so 
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on. At the end of the first year the tubers are small, but 
those formed each year are larger and larger until full- 
sized potatoes are produced. 

The formation of starch in the potato tuber, and in 
similar parts of plants not exposed to light, is very interest- 
ing, and gives additional information as to the manufacture 
of this substance. The starch, we have shown, in the first 
instance is manufactured in 
the chlorophyll corpuscles, 
and is thence transferred to 
I other parts of the plant, by 
passing from cell to cell in 
the form of sugar. To re- 
convert this si^;ar into 
starch, a similar corpuscle, 
the starch-forming corpuscle, 
is required. This corpuscle 
first enters into combination . 
with the sugar, and then 
splits up into starch, and its 
original form. The starch 
"f^',°;S:«'hSS;rr-' fi«t formed in this manner 
lnB'''c^^'ili'*ii™1h "'JhS '* placed as a small round 
3?7iIl:IS^ft^°in^e'^h^oP; ^^'^ "" 0"*= side of the 
Bf™- starch-forming corpuscle {fig. 

20, C, D), and becomes the hilum. Soon a second 
layer is deposited upon this, and then another, and 
so on until the starch grain is fully formed. The first 
few layers (figs. 3 and 20, A) are concentric with 
the hilum; but the starch-forming corpuscle is always 
situated on one side of the grain (fig. 20), and conse- 
quently, this side receives larger depositions of starch, and 
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increases more rapidly than the side away from the starch- 
forming corpuscle. Starch grains are therefore excentric. 
A number of lines are seen upon the starch grains, and 
show how the successive layers are deposited upon each 
other; they are also evidence of the deposition of layers 
varying in density, and of the stratification of these grains. 
The growth of a starch grain is analogous with that of the 
cell wall; the starch-forming corpuscle — z. protoplasmic 
body — breaks up into starch, which is deposited in suc- 
cessive layers on the starch grain, in the same manner as 
cellulose is deposited on the cell wall. The size of a 
starch grain is limited, from which it appears that, after a 
time, the stiarch - forming corpuscle becomes exhausted. 
These corpuscles are closely allied to the chlorophyll 
corpuscles, and when exposed to light turn green, and are 
then able to manufacture starch, showing that both are 
merely different conditions of the same body. 

Varions Modifications. — The buds of perennial plants 
(fig. 2i) destined to live through the winter and expand in 
the following spring have two kinds of leaves, the outer are 
hard and scale-like, and never develop into foliage leaves, 
while the inner, which are to become foliage leaves, are 
protected by the former during the winter months. 

Buds are sometimes modified to form reservoirs of 
reserve material. The Onion or Hyacinth bulbs (fig. 22) 
are merely buds consisting of a short conical stem which 
bears a number of leaves, the most external of which are 
brown and protective ; while the next series are white, and 
in their cells the reserve materials are laid up. When the 
bulb is planted, the inner green leaves become the foliage 
leaves for the next season, and the apex of the short stem 
is produced into the aerial stem. 
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The Corm of the Crocus is also a bud, but the stem 
forms the reservoir, while the leaves are brown and pro- 
tective except the more internal ones, which are the young 
foliage leaves. 

ABcent of Water. — Although it has long been known 
that water is conveyed through the stem from root to leaf, 
and that the wood vessels are the channel in which it flows. 




Fig, S3. 
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yet an exact knowledge of the manner in which the leaves 
of the tallest trees are supplied with water long remained 
a puzzle. 

To prove that the stream of water termed the transpira- 
tion current flows in the wood, it is only necessary to 
resort to the process of ringii^, that is, to remove from a 
woody stem a narrow ring containing all the tissues external 



STEM. 79 

to the wood — i.^., bark, cortex, and bast, without injuring the 
wood. This can readily be done, since the cambium has 
thin walls, which are easily broken ; it is then found that 
the removal of this ring makes very little difference in the 
health of the plant, the part above remaining quite healthy. 
The converse of this is equally true, if the wood is removed 
while the other tissues are injured as little as possible, the 
part above the injury commences to wither very soon. It 
is therefore beyond doubt that the wood is the channel in 
which the transpiration current flows. 

The motive force by which the water is conducted is 
supplied by (i) the living parenchymatous cells of the 
medullary rays ; (2) the root pressure ; and (3) the trans- 
piration. 

The cells of the medullary rays suck the water from the 
vessels a little below them on one side, and pass it on to 
those a little above them on the other, in the same manner 
as the cells of the ground tissue of the root pass the water 
absorbed by the root hairs from one to another till it 
reaches the wood. The water therefore ascends in a spiral 
course. It is by the combined forces of the root pressure 
forcing the water up the stem, the medullary rays con- 
ducting it further along, and the evaporation from the 
leaves exerting a pull from the top, that water ascends to 
the summit of the highest trees. 

Mechanics. — ^The stem which bears the leaves and 
branches should be sufficiently strong not only to support 
their weight, which is often considerable, but also to with- 
stand strong gusts of wind, heavy showers of rain, or other 
accidents. 

So fierce is the struggle for existence among plants, 
that the greatest economy is necessary in building a stem 
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of sufficient strength, yet without the addition of any un- 
necessary or superfluous strengthening cells. Hence it is 
found that the strengthening cells are placed where they 
can best resist strains and stresses, and the stems are 
constructed on the most efficient mechanical principles. 

Stems may be roughly classed into hollow and solid 
stems. The hollow stems are characteristic of herbaceous 
plants, which do not reach any great height, or which do 
not bear large branches; but trees with large and heavy 
branches have solid stems. 

It is a well-known mechanical principle that for the 
same weight of material a tube is much stronger than a 
solid bar, and that the most efficient form of girder to 
resist forces in one plane only is that of a capital H or 
I, the plane in which the forces to be resisted act 
coincides with the direction of the central part of the H, 
or in the length of the I. The form of this girder most 
commonly used is that of two strong masses (booms), 
connected by a more slender portion (the web). In our 
illustration the booms are the sides of the H, or the top 
and bottom of the I. The central part of the H or I is 
the web, which need not be solid, but one or more rods 
connecting the booms may be used in its construction, 
the only condition being that they are strong enough to 
resist the forces acting upon them. 

In the plant we find the exact application of this 
principle. The booms are constructed of thick-walled 
cells belonging to the ground tissue, or to the bast fibres 
or wood of the fibro-vascular bundles; the thin-walled 
cells are used in the construction of the webs, such as 
the thin-walled parenchyma of the ground tissue, and the 
parenchyma and vessels of the bast. The form of girder 
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just described will be useful for forces in the plane of the 
web, but a plant stem must be capable of resisting forces 
in all directions, and a combination of girders is therefore 
necessary ; and it is these considerations which determine 
the form of stems, some being round, some square or 
polygonal. 

The Bean stem just described has strands of thick- 
walled cells at each of its cotners : these are the booms, 
and the sides of the stem are webs. Any pair of opposite 
sides, therefore, are a pair of parallel girders, and resist 
, forces in their directions ; and also any corner is connected 
by the sides with the opposite corner, and the booms at 
the corners form with the sides girders to resist forces 
acting in the direction of the diagonals of the stem. The 
square stem with thickened corners then resists forces in 
any direction. 

The principle of the girder is applied even in the 
arrangement of the tissues; each fibro-vascular bundle is 
a girder, the wood and bast fibres being the booms, and ^ 
the thin-walled cells between them the web ; and further, 
the medullary rays are webs, with the wood and bast 
fibres for booms. 

By increasing the number of corners, and therefore of 
booms, the many-sided stems are constructed as a further 
extension of this principle ; and it may be still further ex- 
tended to the round stem, which consists of an indefinite 
number of small sides, and in this case the strengthening 
cells become continuous and form a cylinder of supporting 
tissue. A good example of this is afforded by the Grass 
stem (fig. 17). 



CHAPTER VI. 

THE FLOWER. 

BoTANiCALLY Speaking, a flower is a specially modified 
shoot which bears leaves modified to serve as reproductive 
organs. 

A few words of explanation may be offered on the term 
** modified." The three members of a plant, as we have 
seen, are constructed to perform certain definite functions, 
but they may also be metamorphosed and adapted to fulfil 
others ; sometimes the main and subsidiary functions may 
be performed at the same time, in other cases the part is 
so specially altered that it is incapable of performing its 
original function and only performs the subsidiary one. 

In this latter case the member may be so altered in 
form, colour, and other characteristics as to be totally 
unlike an unaltered member, but its position on the plant 
and its mode of development will always reveal from 
which of the three members it has been derived. 

Members. — The various members of a flower being 
modified leaves, are developed exactly like leaves, and 
follow the same laws of arrangement as the foliage leaves 
of the same plant. 

A flower usually consists of four series of members, 
Calyx^ Corolla^ Stamen^ and Pistil {fig. 23). 

The shoot on which the flower is borne, at first in 
no way differs from an ordinary shoot, and small out- 
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growths arise near its extremity in exactly the same manner 
as the ou^owths which become ordinary foliage leaves. 
In the development of a folUge shoot the internodes 
gradually lengthen and separate the leaves from each 
other, but in the floral shoot the internodes do not 
lengthen, and the floral 
leaves remain very close to 
each other. The first series 
of outgrowths become the 
sepals, and surround the 
growing point as a whorl. 

Succeeding these the 
petals arise as another 
series of outgrowths, gene- 
rally of the same number, 
but so arranged that each 
petal is developed opposite 
the space between the two 
sepals immediately below 
it on the floral axis. 

The stamens and carpels 
are outgrowths similarly de- 
veloped, although their 
number does not always ^k- n (Aon J^rani). 

, ., , , , FUjwerofEapeCSi-ajiiiamAi). Hcnid- 

correspond with that of the '«■. siighHy magntfitd. c, c. c, iiie «p>u. 

.1 , the fourth 'a not shown, beine behind - 

petals or sepals. /./■AA'h«i*uis:a,thesuin™;B,tb; 

Gradually these out- ''' ""*"*• "■"""I'- 

growths develop into the various members of the flower. 

Oalyi.— The sepals, which together form the calyx, are 
as a rule the least modified parts of the flower, although 
exceptions occur in which they undergo great modifications. 
Most often they are green and only altered as regards theic 
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shape, but in some cases they may be brightly coloured. 
Sometimes the sepals remain quite distinct from each 
other (pofysepaIaus\ but may be united to form a cup 
{gamosepalous). Examples of the former are found in 
Buttercups Wallflower^ Geranium, and of the latter in the 
White Nettle, Foxglove, and Comfrey, 

• The chief function of the Calyx is to cover over and 
afford protection to the other members of the flower 
enclosed by it, hence it may fall off very soon after the 
flower has opened and its purpose is accomplished ; but 
besides its main function of protection, the calyx is often 
used to afford support to the corolla, or to help in dissemin- 
ating the seeds and fruits, instances of which will be 
considered further on. 

Corolla. — ^The leaves which constitute the Corolla are 
known as petals ; these are often greatly modified in shape 
and brilliantly coloured. The shape of the Corolla is very 
various — the simplest cases are plain open flowers, as in the 
Buttercup, Strawberry, &c. ; and the more complicated 
ones, as Snapdragon, Dead-nettle, assume a great variety 
of forms. The individual petals may be quite free from 
each other {polypetalous), for example in the Buttercup, or 
may be united {gamopetalous) as in the Comfrey, Snap- 
dragon, &c. 

The Corolla is very often brightly coloured, and is then 
the showy and attractive part of the flower, its function 
being to attract insects in search' of the honey which is 
secreted in various parts of the flower. The flowers which 
are regularly visited by insects during the day-time are 
generally red or blue in colour, but those specially designed 
to be visited by moths and other night-flying insects are 
usually white or pale yellow. 
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—Immediately inside the Corolla are situated 
the stamens, which are more modified than the other 
members of the flower. 

Generally each stamen is made up of a stalk or filament, 
bearing at the end a head or anther, which latter is the 
essential part of the stamen, A transverse section through 
the anther of a flower which is just about to open, shows 
that it contains four chambers (fig. 24), known as pollen- 
sacs, because in them the pollen^rains, a number of small 
round cells, are produced. 
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In the early stages of the anther, the cells which are to 
become the epidermis, ground tissue, and the fibro-vascular 
bundle can be clearly distinguished by the aid of the 
microscope. The most external layer of the second of 
these tissues gives rise by division to the cells from which 
the pollen grains are formed, and also to a layer of cells 
which with the epidermal cells forms the walls of the anther, 
and by the uneven thickening of its cell walls opens the 
chambers of the anther to allow the pollen grains to escape. 
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The polkn grains^ when ripe, are small, generally 
spherical or ovoid cells, each having its own protoplasm, 
nucleus, and cell wall. The protoplasm entirely fills the 
cavity of the pollen-grain, and is very rich in reserve 
materials. Two nuclei may be detected. The cell wall 
consists of two layers, an inner delicate one, the Intine^ 
and an outer one, the Extine — often firm and hard, which 
serves as a protective envelope, and is sometimes covered 
with spines or warts. 

PistiL — The last series of the flower — ^the pistil — is 
made up of one or more modified leaves — Carpels, These 
carpels, like other members of the flower, may be joined 
together or may remain quite separate. Each carpel may 
readily be divided into three parts — a lower and larger 
one, the Ovary ^ whose apex is prolonged into a more or less 
slender part, the StyUy at the end of which is a small region 
often covered with sticky hairs, the Stigma, 

A carpel is formed by the leaf folding over, so that the 
two free edges meet and unite to form a chamber which is 
largest at the ovary, and, gradually diminishing in size, is 
continued as a canal through the style to the stigma. 

Ovule. — As outgrowths near the edge of the carpellary 
leaf, small bodies are borne which are known as Ovules, 
The ovule arises from the young carpellary leaves as a 
small conical protuberance — the Nucellus, Very soon 
after the nucellus has been formed the cells at its base by 
division and growth form a cup, which grows up around the 
nucellus and nearly encloses it : this covering to the nucellus 
is called an integument. Before the first integument has 
fully grown, a second one is formed exactly resembling it. 
The integuments completely envelope the nucellus with the 
exception of a narrow channel — the micropyle, which leads 
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from the apex of the nucellus to the cavity of the 
ovary. 

Generally the ovule is not formed symmetrically, but a 
greater growth takes place on one side than on the other, by 
which means it is completely turned round, so that the 
opening of the micropyle is brought close to the wall of the 
ovary. 

While the formation and growth of the ovule arfe pro- 
ceeding, a large cell — the Embryo-sac — is formed in the 
nucellus, near the micropyle. This cell in its early stages 
is similar to the other cells of the nucellus, and differs only 
in being much larger ; as it continually increases in size, its 
nucleus divides, and of the two halves then formed one 
proceeds to the end of the embryo-sac, near the micropyle, 
while the other proceeds to the opposite end : by repeated 
division four nuclei are formed at each end. The next 
stage is the diminution of the number of the nuclei to 
seven, caused by one from each end travelling to the 
centre of the embryo-sac, where they coalesce. Of the 
* three nuclei near the micropyle one becomes larger than 
the other two, and is known as the Egg-cell or Oosphere, 
The ovule may now be said to be fully formed. 

Fertilization. — As we shall see below, the stage in the 
flower at which the ovule is mature is subject to great 
variations ; but its development can proceed no further than 
we have just described, unless a pollen-grain has been 
placed on the stigma. 

We traced the development of the pollen grain until it 
was fully formed as a single cell with two nuclei. For 
further development, Pollination must take place — that is, 
the pollen-grain must be placed on the stigma, it then 
germinates — that means, the outer cell-wall bursts, and 
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inner one grows out as a protuberance which soon becomes 
a tube growing down the style to the cavity of the ovary, in 
which it is directed to the micropyle of one of the ovules. 
Having reached a micropyle, it grows through it, eventually 
reaching the apex of the embryo-sac. A nucleus has in 
the meantime been formed at the end of the pollen-tube, 
and on this tube reaching the embryo-sac, its nucleus passes 
through the thin cell-wall of the end of the pollen-tube, and 
fuses with the nucleus of the oosphere. The fusion of 
these two nuclei constitutes Fertilization, The single cell 
so formed is now termed the oospore, and it is this cell 
which by repeated division eventually becomes a new 
plant. 

Cross and Self-fertilization. — From what we have just 
seen, it will be noted that for the production of seed only 
pollen-grains and oosphere are necessary and sufficient, 
and hence the parts of a flower actively engaged in the 
process of reproduction are the stamens and carpels. 
These are therefore often spoken of as the essential parts 
of a flow^er, the calyx and corolla being termed the non- 
essential parts. 

Provided the pollen-grain is placed on the stigma at the 
right time, fertilization may be effected, and seed produced. 

It is essential that stamens and carpels should be 
produced, but it is not essential that both these organs 
should be in the same flower, or even on the same plant ; 
and many instances occur in which the stamens and 
pistils are on the same plant but in different flowers — e,g,y 
Oak, Haselnut, Birch, Beech, &c. — or again, they may be 
borne on diffierent plants — e.g,y Dog mercury. Hemp, &c. 

If a stigma receives pollen from a flower of another 
plant, it is said to be " Cross-fertilized " ; but if it is impreg- 
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nated by pollen from the stamens of its own flower, it is 
then said to be " Self-fertilized." 

Mr Darwin, by a series of very careful experiments 
extending over eleven years, showed that "Cross-fertiliza- 
tion is generally beneficial and Self-fertilization is injurious." 
He found that plants which grew from seeds developed 
from self-fertilized flowers, were weaker and less vigorous 
than those produced from cross-fertilized flowers; and 
further, that although self-fertilization is generally injurious, 
yet many plants can be propagated for several generations 
by this means ; but as far as he could determine, these all 
" profited greatly by a cross with a fresh stock." 

There are several methods of preventing self-fertilization. 
One has already been mentioned — viz., when the stamens 
and pistils are on different flowers on the same plant 
{monadous\ or on separate plants {dicsctous). 

In many flowers which have both stamens and carpels 
the anthers open and the pollen is shed before the stigma 
is ready to receive it, while in others the time of the 
ripening of the stigmas and anthers is exactly reversed. 

There are also many cases in which the anthers and 
stigmas are so situated relative to each other, that it is 
impossible for the pollen to be placed on its own stigma. 

The effect of self-pollination in some plants is very 
remarkable : thus, in some cases, complete sterility is the 
result ; in others, the development of the pollen-tube is so 
slow that should the same stigma be cross-pollinated, even 
after some hours, the pollen-tube developed in the latter 
case grows much faster and effects fertilization. This is 
known as prepotency. Again, instances are known in which 
self-pollination is actually poisonous, and causes the flower 
to wither and fall off". 
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To secure fertilization, the pollen must somehow or 
another be carried to the stigma, and the only agencies 
which can be utilized for this purpose are the wind, and 
various animals which can move from flower to flower, 
such as birds and insects. It is therefore quite easy to 
divide flowers into two groups. Wind-fertilized^ and Insect- 
fertilized, according as the one or other method is employed. 

Insect fertilization. — A flower which is fertilised by 
insects has generally a showy corolla or a sweet smell to 
attract insects, and possesses a special gland termed a 
nectary, which secretes a sweet juice forming in a great 
measure the food of the insects visiting the flower. Special 
colours, and special forms of the flower, are naturally 
evolved by the selective agency of the fertilizing insects. 
In other words, an insect-fertilized flower must show the 
insect where it is, either by its conspicuousness, or smell, 
and must develop the particular form, colour, or quality 
which is most attractive to the special kind of insects which 
visit it to procure the food they are in search of. In return, 
the insect benefits the flower by carrying its pollen from 
flower to flower and thus ensuring the perpetuation of its 
species. 

Hairs and conspicuously coloured markings are present 
in many corollas: these and numerous other beautiful 
contrivances are all adaptations to secure Cross-fertiliza- 
tion. To prevent insects incapable of effecting pollination 
stealing the nectar, the nectaries are often concealed in 
the flower, the various markings are path-finders to guide 
the insect in the direction in which honey is secreted, and 
the irregular shapes of the corolla compel it to advance in 
certain definite directions that in so doing its body may 
come in contact with the anther and stigma. Many 



92 AGRICULTURAL BOTANY. 

contrivances are employed to ensure that the insect, 
on entering the flower, should deposit the pollen it has 
brought on the stigma before touching the anthers, and 
on leaving the flower should carry away fresh pollen to 
deposit on the stigma of another flower. 

In open flowers like the Buttercup, Rose, Apple, Straw- 
berry, &c., the insect when visiting the flower is obliged to 
touch some of the numerous anthers and stigmas, and 
pollen will not be placed on any definite part of its body ; 
but in many flowers which have a more complicated 
structure, the insect is so directed that pollen must always 
be placed upon a particular part of its body, and on 
entering another flower of the same kind the stigma 
touches exactly the same spot, and thus effects cross- 
fertilization. 

Flower of Cabbage, — The forms of flowers and the 
manner of their fertilization is one of the most attractive 
studies of Botany : nearly every flower adopts a different 
plan to ensure this end. As examples, we may consider 
the Cabbage and the Pea. 

The various kinds of Cabbage, Mustard, Cress, Turnip, 
Swede, Radish, Charlock, &c., belong to a group of plants 
called the Crucifera^ so named because the petals are four 
in number and arranged like a cross. The flowers of 
these plants have four sepals and four petals. The sepals 
(fig. 23, c) are triangular, green, and, although not joined 
together, form a kind of tube, which encloses and supports 
the petals. The petals are yellow, and in each two parts 
may be distinguished ; a narrow stalk reaching to the top 
of the sepals, and a broad expansion spreading out at right 
angles to its stalk. Inside the stalks of the petals are 
found six stamens, and inside these again the pistil with 
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its stigma. The various members of the flower are 
crowded together ; and when a bee visits the flower, and 
pushes its proboscis down to reach and suck the nectar, 
whicli is secreted by green glands at the base of the 
stamens, one side of its head touches the stigma and the 
other the anthers. During repeated visits to the flowers 
both sides of its head will become dusted with pollen. 
In flying away it will carry pollen on the sides of its 
head, and when alighting on another flower, as it reaches 
down to the nectaries, its head will touch the stigma with 
pollen and eSect cross-fertilization. K 

The flowers of the Cabbage are '*- 
largely visited by insects, and cross- 
fertilized ; but should cross-fertiliza- 
tion fail, the anthers may bend and jBflvv|a 
touch the stigma and self-fertilization •j^mi/'f^ 
be effected — but much better seed .' 
is produced from cross-fertilized ^ , £aiiig„\ 

flowers. Flowtr of ?«</'..«« 

Mower of Pea. — The mechanism ^auvum:). 

by which fertilization is effected in the important group 
of the Leguminosse is much more elaborate than in the 
Cruciferae ; as an example of this order we may study the 
flower of the Pea. 

In this flower there are five sepals partially joined 
together, thus forming a cup with five triangular teeth. 

The petals are also five in number, and on account of 
their different shapes, special names are given to them. 
The large petal, situated at the back of the flower, is the 
Standard ; a little below this is a pair of petals, the wings, 
which enclose another pair forming the keel. The standard 
js a broad semicircular petal, which, turning upwards, forms 




94 AGRICULTUEiAL BOTANY. 

the most conspicuous feature of this flower. On its face, 
at the bend, are two projections which fit into a pair of 
corresponding depressions in the wings, near their base. 
The wings are also brightly coloured. A little behind the 
depression just described, there is another depression 
caused by a hollow tooth-like outgrowth, projecting from the 
inner side of each wing. This tooth turns forwards and 
downwards, and fits into a depression in the keel. The 
wings and keel are in this manner firmly locked together, 
and cannot be sepa- 
rated without the 
application of a con- 
siderable amount of 
force. The keel at 
first sight appears to 
be one petal, on 
account of the two 
halves being firmly 
joined along their 
edge ; but on exami- 
Fig. 27 {from Figvier). nation there will be 

u ^"'^'['[rth.'^dL.'d '^="1^ rid^^'Ae f°""'^ *° t* two sepa- 
iir>ngi,MiidihetwaLD<*Erihek«]. rate stalks, and their 

resemblance to the bows of a boat has given the name 
keel to these two petals. At the apex of the keel will be 
found a small conical pouch — the keel-pouch — which opens 
by a minute pore — the apkal opening — through which the 
style emerges when the keel is pressed down. 

The stamens, ten in number, have their filaments partly 
united and partly free. The united portions form a sheath ; 
this is split along the upper surface, and is the same length 
as the ovary which it encloses. The free portions are 
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prolonged beyond the sheath, and then tiim upwards at 

right angles, bearing the anthers, which are enclosed in the 
keel-pouch. The nectar is secreted in the sheath, and can 
only be reached through the slit along its upper surface. 

The pistil has a well marked ovary, in which a number of 
ovules may be seen suspended along its upper edge ; the 
Style turns upwards at right angles to the ovary, and is about 
half its thickness ; at Its extremity is the stigma ; and below 
this, on the side towards the base of the flower, are a 
number of hairs extending from the stigma to about one 




Fig. =9 (from Bailhn). 



third of its length, forming what is known as the stylar- 

The anthers shed their pollen just before the flower 
opens, filling the keel-pouch and covering the stylar-brush 
with pollen. If now the keel be depressed a little, the 
style is forced through the apical-opening, and a little pollen 
is swept out by the stylar-brush. The style resumes its 
original position as soon as the keel rises. After the anthers 
have shed their pollen they are withdrawn to the base of the 
keel-pouch, where they enlarge, and thus prevent any pollen 
falling to the base of the keel. Every time the keel is de- 
pressed a little pollen is swept out in this manner, Pollina- 
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tion is effected by bees. They alight upon the wings, 
which form a convenient landing stage, while endeavouring 
to procure the honey, and in order to reach the nectar, the 
proboscis must be pushed beneath the standard, and the 
standard and wings separated from each other. The force 
required for this purpose, together with the weight of the 
bee, presses down the wings, and therefore the keel with 
them, causing the end of the style to project through the 
apical-opening. The stylar-brush is thus brought into 
contact with the under side of the bee, and a few grains of 
pollen are placed upon it, and carried by the bee to another 
flower. 

The force required to depress the keel is, however, too 
great for the majority of our bees ; and hence it has been 
observed that the Pea is seldom visited by these insects, 
and the flowers are therefore, nearly always self-pollinated. 
The Pea is not a native of this country, but appears to have 
been introduced from the East, and its form is therefore 
better adapted for the visits of larger and more powerful 
species of bees. 

Wind-fertilized flowers. — Hitherto we have considered 
insect-fertilized flowers, and must now pay a little attention 
to those which are fertilized through the agency of the 
wind. With these flowers there is no need for a showy, 
conspicuous corolla, and this part of the flower is therefore 
often very much reduced, or even altogether absent. The 
stamens produce a large amount of pollen, which is 
scattered in all directions by the wind. The quantity 
of pollen produced by some flowers of this kind is enor- 
mous. The so-called sulphur showers of the Scotch Fir 
are caused by millions of yellow pollen grains. Some few 
grains are carried to stigmas and pollinate them, while by 
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far the larger quantity is blown away and completely 
wasted. The stigma must be large, in order to collect 
any stray poUen grains which may happen to come within 
its reach. As examples of this method of pollination we 
may cite the Oak, Hazel-nut, Beech, Birch, Grasses, 
Sedges, &c., &c. 

The Grass flower consists of several scale-like leaves, 
which enclose and protect the stamens and pistil. The 
stamens, although only three in number, produce a large 
amount of pollen. The filaments are very slender, and 
by increasing in length, push the anthers outside the scaler;, 
allowing the pollen to be blown away. The stigmas in 
a great measure resemble two minute feathers, and the 
pollen grains are readily caught by the arms of these 
feathers. 



CHAPTER VII. 

FRUIT AND SEED. 

In the previous chapter the formation of the pollen-grains 
has been traced, and also the development of the ovule, 
with its integuments, nucellus, embryo-sac, and oosphere. 
' The pollen-grain, as we have seen, is in one way or 
another placed upon the stigma, and the stigma may then 
be said to be pollinated, the actual fertilization taking place 
when the pollen-tube has grown through the micropyle, 
and the nucleus of the pollen-tube has fused with the 
nucleus of the oosphere. The single cell formed by the 
union of these two nuclei, and known as the oospore, is the 
commencement of the new individual which appears on 
the germination of the seed. Consequent upon fertiliza- 
tion, changes take place in the oospore, the ovule, and the 
carpel, and these we must briefly consider. 

Development of embryo. — After fertilization the oospore 
immediately surrounds itself with a cell-wall, and then 
commences to elongate in the direction of the axis of the 
ovule. It is unnecessary to consider the various divisions 
of the oospore; it will suffice to say that it does divide, 
and that the cells so formed, themselves divide and sub- 
divide again and again, with the result that a miniature 
plant is formed, having stem, root, and leaves, which are 
usually known as plumule, radicle, and cotyledons or seed- 
leaves. The cells, which will become the epidermis, 



FRUIT AND SEED. 99 

ground, and fibro-vascular tissue, are clearly to be distin- 
guished from each other. This young plant is known as 
the enUnyo, and is always so situated in the ovule that the 
apex of its root points directly towards the micropyle. 

The embryo has usually either one or two seed-leaves, 
so that the flowering plants (with the exception of the 
Cone-bearing trees and their allies) are divided into those 
with one seed leaf or cotyledon {monocotyledons), and 
those with two cotyledons {dicotyledons). Although the 
discovery of the number of cotyledons drew attention to 
the difference between these groups, and gave to them 
their names, yet it is by no means the only mark which 
separates them. 

The young embryo, although it has even when within 
the seed, the stem, root, and leaf, already formed, yet if 
placed in the soil would be incapable of further develop- 
ment and growth into a new plant, unless a considerable 
store of nutritious reserve material is placed at its disposal 
until it is able to support itself. Hence a considerable 
store of proteid (substances containing carbon, hydrogen, 
oxygen, nitrogen, and sulphur), and also of non-nitro- 
genous matter (starch, fat, oil, cellulose) is placed in 
the seed to be used by the embryo. The proteids in 
seeds are found in the form of small ovoid bodies, known 
as the aleurone grains, and may occur in the cell in 
company with the non-nitrogenous materials (fig. 30), or 
may be confined to special cells (fig. 34). The form of 
the non-nitrogenous reserve material is characteristic of 
many groups of plants ; for example, starch is found in 
the seeds of Grasses, Leguminous plants (with the excep- 
tion of the Lupin), Beet-root, &c. ; oil in the seed of the 
Cruciferous plants. Poppies, Castor Oil, Composites, &g. ; 
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and cellulose in the fonn of a very much thickened cell- 
wall, gives the characteristic hardness to the seeds of the 
Palm, Lily, Iris, &c. 

Ssed. — During the fonnation of the embryo and the 
storing of the reserve material, the cells of the nucellus 
are absorbed, and the integuments are the only part of the 
original ovule which remain, and these become the cover- 
ing of the seed, tech- 
nically termed the 
testa, which is often 
brown and hard for 
purposes of protec- 
tion. 

It b usual to divide 
seeds into two classes, 
exendospermous and 
endospermous : these 
were formerly termed 
exalbuminous and a/hi- 
minotts, but it is better 
to discard the older 
^ ,, terms to avoid any 

Cell! <iam the cotyledon of  Pea (.Piiam COntUSlOn Willi the 

Ts^^^^i^^"?i:^tU\^^^^T^ term albumin. In the 

a cunme gnuu ; i, inWrtil u ju .paces. secds of the first of 

these classes, the embryo fills up the entire cavity enclosed 
by the testa, the reserve material being stored up in the 
cells of its own seed-leaves — the cotyledons. This forma- 
tion of the seed is found in many families of plants, such 
as the Cruciferse, Leguminosse, &c. 

In the second class, the embryo occupies only a portion 
of the space enclosed by the testa, the rest of the space 
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being filled up by special cells, Icnown as the endosperm, 
and this tissue contains the reserve materials. Examples 
of this kind of seed are found in 
Grasses, Composites, Mangold, 
Carrot, Parsnip, &c. 

When sufficient reserve material 
has been stored up in the ovule, 
and the embryo has reached the 
proper stage in its development, it 
is said to be ripe, and is then 
known as the seed. During the 
process of ripening, the seed loses 
a considerable amount of water, 
and its cells become dorreiant, and 
remain in this condition until ger- 
mination commences. 

In the meantime, changes have 
been taking place in the carpel, and 
about the time that the seed is 
ripe, the carpel ripens Into the 
fruit. The walls of the ripened 
carpel are termed the pericarp. It ^e- 3i (A™ PrasU). 

. . _ ,, , IT.- L The BMnCt-ieia/iJa) ■.*, seed 

is important to clearly distinguish wLih oi.= or the coijriedons n- 
between the terms fruit and seed, "otTw, rad\c°e"™p'i'mnu°e^', 
meaning by the former the ripened 1™'; /,' ^nsoa"'" *iM(a tom 
carpel and by the latter the ripened ofJEe *oiyiXn/''l^'ihc; 
ovule. 

The Bean (fig. 31), or Pea, is \ 
an example of an exendo-sper- '"""^"'I'l"'""- 
mous seed, the structure of which can easily be examined 
by first soaking it in water for about twelve hours, and then 
with a sharp knife removing the skin (testa) (fig. 31, A^ s) : 



bove IhE 
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the black mark on one side, hilum, is the part where it 
was attached to the pod. After removing the skin, the 
radicle is seen as a conical point {Ay w) beneath the 
hilum; its apex is just beneath a n^inute aperture in the 
testa, through which a drop of water may be squeezed in a 
soaked seed : this is the micropyle, and at this point the 
radicle will emerge. The two seed leaves {A, c) are 
found as thick, irregular-shaped discs, which can be readily 
separated from each other, but will be found to be con- 
nected, one on either side, with the base of the radicle. 

The plumule {Kn) is a continuation of the radicle 
beyond the connections with the cotyledons. The seed 
therefore contains only the embryo, its large seed-leaves 
occupying nearly the whole of the seed. The reserve 
materials are found stored in cells of the cotyledons — 
the non-nitrogenous ones in the form of starch, the 
nitrogenous as aleurone grains lying between the starch 
grains (fig. 30). 

The seeds of Cruciferous plants 
(Turnip, Cabbage, &c.) should be ex- 
amined in the same way. It will, how- 
ever, be found that in many of these 
plants the cotyledons are rolled or 
twisted, and do not remain flat as in 
Fig. 32 {from Figuier), the Bean. These seeds contain a large 
Section of seed of the proportion of fatty oil, present in a 

ComrcocVXe iLychnis gith' j-.jj. • , 11 

ago). The shaded central finely dividcd State m the ccU proto- 

portion is the endosperm, 1 . 1 . 

surrounding this is the em- plasm : it replaces the starch as the 
"^ chief non-nitrogenous material. 

A diagram of an endospermous seed of the Corn-cockle 
{Lychnis githago) is given in fig. 32. On the outside is 
the testa, thick, hard, and covered with numerous projec- 
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tions. The central portion of the seed is occupied by the 
endosperm, and the embryo forms a nearly complete ring 
surrounding this. Our diagram passes through the whole 
length of the embryo, the line in the upper part indicating 
the position of the seed leaves. 

As another example of an endospermous seed, we may 
examine that of the Grasses. A grain of corn, botanically 
speaking, is not a seed, but a fruit ; the pericarp remaining 
in contact with the testa, can be easily separated as a 
translucent membrane. The embryo in the Gramineae is 
situated on one side of the endosperm : in the Wheat, Oats, 
and Barley, it will be found near the lower end of the 
grain on the opposite side to the furrow. As a type of the 
Grasses, the Indian corn, on account of its larger size, may 
be conveniently examined. 

The corns should be soaked in water for about twelve 
hours, so that the outer membrane may be easily removed, 
and the seed should be halved longitudinally through the 
embryo, which may be detected as a white oval patch on 
one side of the grain (fig. 33, A). The endosperm is partly 
white and mealy {ME\ and partly yellow {HE) ; the 
latter part is hard and horny, and being on the outside, 
gives to the grain its characteristic colour. Separating the 
endosperm from the embryo is a structure which occurs 
only in this group of plants — the scutellum, Sc, — this is 
really the cotyledon, which almost entirely envelopes the 
embryo. It never expands, and becomes green, but 
remains in the seed, and is modified to abstract the reserve 
materials and convey them to the embryo. With slight 
magnification, or even with the naked eye, the plumule 
(/v.), and the radicle {Rad,) can be easily made out, the 
former having already several leaves developed. 
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The special layer of cells of the scutellum {Pal.), in 
contact with the endosperm, can be distinguished from the 
others by their oblong shape and regular arrangement. 

Starch forms the non-nitrogenous reserve materials. In 
the mealy portion of the endosperm (fig. 34, C, ME), the 
starch grains are crowded together in the cells, but in the 



*'ig' 33 {from Frank). 
ludinal Kclions through a gram al Indian com (.Zca , 

a: t!., plumule; Had., ndicle; Pal., cells of »:uLe' 



hard and horny part they are compressed into a very dense 
' mass {D, HE). 

The nitrogenous reserve materials are not contained in 
the same cells as the starch, but are found in the external 
layer {D, Kl) of the endosperm. 
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GeinUnstlon. — Under favourable conditions of temper- 
ature, moisture, and air, the cells of the embryo, which have 
hitherto been in a dormant condition, resume their activity 
and commence to absorb water to restore tui^dity to the 
cells. 

The first sign, then, in germination is the swelling of the 
seed. 



Fig. 34 (/™« -franty. 

PoTtioofl of an. Todian com groin more highly magniiiFd. C, tho junction of 
ineal]r cndinpenn: Z), Ihe outtr'pan of a grain; Sei., Ihepeiickrp mdletU; f ,, 

The cells of the root next divide and grow, and the root 
tip is pushed out of the seed through the micropyle. The 
micropyle, it will be remembered, is the weakest part of the 
integument, and for this reason is chosen as the spot whence 
the root can most easily emerge. The young root 
immediately commences to penetrate the earth, and soon 
begins to branch and to develope the root system. 
After the root has emerged, the plumule next appears and 
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grows upwards, and as soon as possible leaves are exposed 
to the light and air. That the root must always be the 
first to emerge, is evident when it is considered that as 
soon as the leaves appear transpiration commences, and a 
supply of water must be at hand for this purpose ; it is then 
only after the root has obtained a fair hold, and has begun 
to develop its root-hairs, that the leaves expand. These 
leaves may or may not be the cotyledons. In some plants. 
Melon, Turnip, Mustard, the cotyledons are withdrawn 
from the seed and expand as the first green leaves, which 
are soon followed by other foliage leaves, these we may 
call aerial-cotyledons. In other plants (Pea, Field-bean) the 
cotyledons never leave the seed, and remain therefore 
always buried — these are known as subterranean-cotyledons^ 
and the leaves succeeding them are the first to commence 
assimilation. 

If the seed has no endosperm, the whole of the reserve 
material is already in the young plant, but in the endo- 
spermous seeds some adaptation is necessary to transfer this 
to the young plant : generally it is effected by means of the 
cotyledons, and these, in the case of aerial-cotyledons, only 
expand after the endosperm is all absorbed 

Ferments. — ^The reserve material in the seed, whether 
it is endospermous or exendospermous, must be changed 
into a soluble substance capable of passing from cell to 
cell, through the cell-wall, before it can be used by the 
embryo. This is effected by means of ferments^ a name 
given to a class of bodies which have the power of changing 
certain substances into others of which they form no part. 
A ferment known as diastase has the power of converting 
starch into sugar, in which state this non-nitrogenous 
substance can readily pass through cell-walls. Another 



« 



FRUIT AND SEED. 107 

ferment in a similar manner also converts cellulose into 
sugar. 

For example, when a grain of one of the cereals com- 
mences to germinate, a ferment secreted in the prismatic 
cells of the scutellum (fig. 34, Pal^ disintegrates the cell-^ 
walls of the endosperm, and almost immediately afterwards 
the starch grains are attacked by the diastatic ferment. 
The disintegration of the endosperm gradually proceeds 
from the scutellum until all the endosperm has been 
rendered soluble and transferred to the embr}'o. The 
growth of the scutellum keeps pace with the disintegration 
of the endosperm, so that it always remains in contact 
with it. 

In the same manner, by means of ferments, the aleurone 
grains are rendered soluble and transferred to the embryo. 

The activity of a ferment is subject to various external 
conditions of temperature and moisture, which are the 
same as those which promote the germination of the seed. 

Oonditions of Germination. — For the germination of 
seeds, there is a certain temperature at which it takes 
place most readily, which may be called the optimum, and 
the activity of germination becomes less and less as the 
temperature is either above or below this point. 

The maximum temperature at which seeds will germinate 
differs very much with different kinds of seeds. No seed 
has been known to germinate at a temperature above 50° C. 
(122° F.) although Indian corn has been known to germinate 
at a temperature very little below this. The maximum* 
temperature for Wheat, Barley, Oats, Cabbage, and Peas is 
from 31° C.-37° C. (77' F.-SS** F.), and that for Clover and 
Lucerne 37° C.-44'' C. (88' F.-iii' F.). 

The minimum temperature for the germination of most 



io8 AGRICULTURAL BOTANY. 

common seeds is about 4*5" C. (40** F.), although some seeds 
have been known to germinate on ice at the freezing point 
The minimum for Indian corn is about 10° C. (50° F.) 

Sachs has determined the minimum and maximum for 
the germination of Wheat and Barley to be 5° C. (41° F.) and 
29"* C. (84** F.) respectively, while the optimum for Barley is 
38" C. (100'' F.) and for Wheat 42° C. (107^ F.). 

Moisture, — ^A seed when ripe contains little moisture. 
The superfluous water is got rid of during the process 
of ripening ; and so, before germination can commence, a 
large amount of moisture must be absorbed by the seed. In 
the case of Red Clover, Nobbe found that the seeds absorbed 
as much as 105 per cent, of water, and in the case of 
Wheat 60 per cent, of water, before germination commenced. 

Access of free Oxygen. — Seeds again are incapable of 
germinating without a supply of oxygen. The ordinary 
air being composed of about one- fifth oxygen, supplies the 
requisite amount of this gas. It is immaterial what gas 
dilutes the oxygen, and hence seeds are capable of 
germinating in mixtures of four-fifths carbonic acid or 
hydrogen, and one-fifth oxygen ; but it is not possible for 
germination to take place in pure carbonic acid, hydrogen, 
or nitrogen. 

The seed, when placed in the ground with the above 
conditions satisfied, after a certain period commences to 
germinate. 

The time from the sowing of the seed to the protrusion 
of the radicle varies in different seeds. 

Fruit. — The fruit, like the seed, may be dry and hard, 
fleshy or hairy; it may contain an enormous number of 
seeds, but instances are not uncommon in which the fruit 
has only one seed. In the latter case, it is not necessary 
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that the fruit should open to allow the seed to escape, and 
then the walls of the fruit become the protective envelopes. 
When the fruit contains more than one seed, some 
mechanism is employed to open the fruit, to allow the 
seeds to escape, and to prevent them being all sown on one 
spot. The^ parent plant living on one spot exhausts the 
nourishment from the particular piece of ground on which 
it grows, and hence, if its seeds were to fall near the parent, 
they would alight upon ground to some extent impoverished 
and would not be able so successfully to compete with 
their various enemies. It is therefore beneficial for any 
particular plant that its seed should not be sown too near 
the parent, and also, in order that it be not exterminated, 
that some of the seeds should be scattered very widely, and 
to this end many wonderful contrivances are adopted. As 
in carrying the pollen-grains, so here the agency of various 
animals and of the wind is brought into service to dis- 
seminate seeds and fruits. 

Wind distribution. — Seeds or fruits which are adapted 
to be distributed by the wind are characterized by being 
very light, and may be either small, thin, hairy, or winged, 
by all which means they can more readily float in the air 
and be blown to considerable distances. 

Seeds like those of the Field Poppy ^ being very small and 
light, are easily scattered in all directions by the wind. In 
these instances the fruit contains many seeds, and opens by 
small holes, through which the seeds escape during gusts of 
wind. 

Thin, flat seeds are found in the Parsnip, Tulip, &c. 

Hairy seeds or fruits are very common — examples of the 
former are found in Willows and Poplars, and of the latter 
we need only mention such familiar examples as the 
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Dandelion, Thistle^ Coltsfoot, &c., in which the calyx is 
represented by a number of very fine silky hairs, situated 
on the top of the fruit. The prevalence of these plants 
everywhere is a matter of common observation, and is due 
to the ease with which their fruits are *blown about. 

In the Ash, Sycamore, Birch, &c., the fruit is prolonged 
into wings to assist in the dispersal of their seeds. 

Aw<ina.i distribution. — Seeds or Fruits intended to be 
distributed by animals are either succulent and eatable, or 
else are covered with hooks, so that they may adhere to 
the fur or feathers, and be carried by this means to fresh 
localities. 

, To the former category belong all fruits which liave 
become fleshy and edible on purpose that they may be 
devoured by birds and other animals, and so be carried to 
a distance, and thus ensure the dispersal of their seeds. 
The embryo, however, in these cases, must be protected 
by a hard covering, in order to prevent its destruction 
during the processes of digestion and mastication. 

The Cherry and Plum are fruits of one carpel, in which 
.the external tissues have become soft and pulpy, and the 
internal ones very thick-walled, forming the so-called stone. 

Other examples occur; in the Holly, for instance, the 
fruit is formed of more than one carpel, but with the same 
purpose in view. In the Apples, Pears, &c., it is the stalk on 
which the flower is borne which becomes specially swollen 
and eatable, and in the Strawberries, Hips, &c., the 
receptacle forms the edible fruit; these are known z.^ false 
fruit to distinguish them from true fruits^ which are 
ripened carpels only. 

Hooked fruits are very common, and many plants, 
Cleavers {Galium\ Avens (Geum), ovft their wide dispersal 
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to the presence oi many tiny hooks which are developed 
on their fruits. Among agricultural plants, the Carrot 
affords a very good example of a hooked fruit. 

It is not only the fruit upon which hooks are produced, 
but the seeds of various kinds of plants (such as the 
Forget-me-nots, which are weeds in cornfields) are in the 
same way transported from place to place by hooks on 
the calyx ; and many other instances might be given. 



CHAPTER VIII. 

FOOD. 

In the introductory chapter we pointed out that plants 
require a supply of food, and that this food must be 
obtained in an inorganic form. We have now to inquire 
what substances compose this food, from what sources 
they are derived, and by what means the plant absorbs 
them. 

In describing the protoplasm, it was learnt, that although 
its exact chemical composition could not be determined, 
yet it belonged to a class of substances known as proteids, 
and which are made up of carbon, hydrogen, oxygen, 
nitrogen, and sulphur, and that the cell wall is made up of 
the first three of these. Hence, in order that new cell 
wall and protoplasm may be formed, a supply of these 
elements must be available. But direct analysis of a plant 
shows that certain other elements are always present — 
namely, potassium, calcium, magnesium, iron (in green 
plants), and sometimes chlorine. 

There are thus two groups of food elements — those 
which take part in building up the plant ; and those which, 
although they are not used in the actual structure of the 
plant, are always present, and in the absence of which the 
various chemical changes which are continually taking 
place in the plant cannot proceed. A convenient definition 
then, of food will be — " those substances which are used 
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in building up the plant, or which promote the various 
chemical changes which are necessary in constructing it." 

The constituents of plant food Tiave been determined by 
direct analysis of the plant, and by its cultivation in various 
nutritive solutions. 

The various steps in the analysis of a plant are (i) to 
drive away the moisture; (2) to burn the plant, and 
collect the gases given off during the combustion ; and (3) 
to analyse the ash. 

In the first of these processes, when a plant is thoroughly 
dried at the temperature of boiling water, a large amount of 
moisture is driven off, which can easily be collected. 

The following table, taken from Johnson's "How 
Crops Grow," shows to what an extent water enters into 
the composition of a living plant, thus ; — 

Per cent, of 
Water. 



Red Clover 




79 


Cabbage 


J> 


90 


Potato tubers 


J> 


75 


Carrot 


» 


. 85 


Turnips 


» • . • 


91 


Pine-wood 


» • " 


40 



In plants dried at the ordinary temperature, much of 
this water escapes, but a good deal remains to be driven 
off at higher temperatures. Thus air-dried plants have 
been found to contain as follows : — 

Per cent. 
Meadow grass • . . .15 

Red Clover . . . .17 

Straw and chaff of Wheat, Rye, &c. . 15 

H 
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Per cent. 
Bean straw . . . .18 

Wheat grain . * . . .14 

Indian corn grain . . . 12 

In making hay, therefore, the amount of moisture in 
meadow grass is reduced 57 per cent., and in Red Clover 
62 per cent. 

This large amount of water, which is composed entirely 
of oxygen and hydrogen, would be contained principally in 
the cell sap, and would be required to maintain the cells in 
a turgid condition. 

During combustion of an air-dried plant the following 
elements are generally given off as gases or vapour: — 
carbon, hydrogen, oxygen, nitrogen, and small quantities of 
sulphur and phosphorus. 

The following table, taken from Johnson's " How Plants 
Grow," shows in what proportion these elements are used 
in building up the plant : — 





Wheat 


Wheat 


Potato 


Peas. 


Clover 




grain. 


straw. 


tubers. 


hay. 


Carbon . 


46*1 


48-9 


44 'O 


46-5 


47 '4 


Hydrogen 


5-8 


5*3 


5-8 


6-2 


S'o 


Oxygen . 


43*4 


38-9 


447 


40*0 


37-8 


Nitrogen 


23 


0-4 


1*5 


42 


2*1 


Ash, including Sulphi 


ar 










and Phosphorus 


2*4 


7-0 


4-0 


31 


77 



lOO'O lOO'O lOO'O ICX)'0 lOO'O 

After combustion a quantity of ash remains, which is 
very small compared with the amount burnt. This ash 
may contain a little carbon, oxygen, sulphur, and phos- 
phorus, but its chief constituents are mineral matter, of 
which the principal components are — 
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Potassium 


Iron 


Sodium 


Phosphorus 


Calcium 


Silicon 


Magnesium 


Chlorine 



Besides the above, certain other elements are sometimes 
found, which do not come under our definition of food, 
and may therefore be neglected. 

We are now in possession of all the elements which 
compose the food of plants, and these we will proceed to 
consider in detail. 

Carbon. — In the chapter on the leaf we have dealt fully 
with the absorption of carbon by the green plant in the 
form of carbonic acid, and the manufacture of starch as the 
first visible product of assimilation, and have learnt that it 
is required in the construction of cell wall and of proto- 
plasm. 

The source of carbon for the green plants is the air. 
The plants which do not possess chlorophyll, and therefore 
cannot assimilate their own carbon, will be considered in 
Chapter IX. 

Hydrogen, as one of the constituents of water, is 
absorbed in this form by all plants. It takes part in the 
formation of cell wall and protoplasm. 

Oxygen, like hydrogen, is absorbed as a constituent of 
water ; but it is also taken in from the air. A supply of 
oxygen we have seen (p. ii) is necessary for respiration: 
this is obtained from the free oxygen of the atmosphere, 
and is given off as carbonic acid. The oxygen used in 
constructing the plant is derived from the combined oxygen 
of the water absorbed. 

This element is a constituent of cell wall and of proto- 
plasm. 
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Hitrogeiiy as a constituent of protoplasm^ must be 
available as one of its food elements ; and plants supplied 
with a due proportion of this substance are stronger, more 
vigorous, and consequently weigh very much more than 
those in which this supply has been deficient. We must 
not, however, consider that the increased weight is owing 
entirely to an increased amount of nitrogen ; for although 
the weight of nitrogen is certainly greater, the increase in 
weight is chiefly due to the non-nitrogenous compounds 
such as starch, cellulose, &c.; the explanation being that 
a requisite supply of nitrogen, by improving the health of 
the plant, enables more and more protoplasm to be formed, 
and hence additional cells to be constructed, thus causing 
greater luxuriance in growth. Furthermore, the cells 
being more numerous and vigorous, can manufacture 
more readily starch and other reserve materials, thereby 
producing a greater yield in grain and straw. This gain 
of carbo-hydrates has been found by Sir J. B. Lawes and 
Dr Gilbert (Agric. Stud. Gazette, vol. iv.) to be as much 
per acre, as 36*5 lbs. in Wheat, 32*2 lbs. in Mangold- 
wurzel, and 16*5 lbs. in Potatoes, for one lb. of nitrogen 
when applied as 86 lbs. of nitrate of soda per acre. 

Although, roughly speaking, four-fifths of the atmosphere 
is nitrogen, and it pervades all the tissues of a plant, yet — 
except in certain plants — this source of nitrogen is not 
directly available as plant food, and numerous experiments 
most carefully performed, have shown that the stem and 
leaves of a green plant cannot make any use of this large 
supply. 

The inorganic nitrogenous salt most suitable for plant 
food is that of nitric acid combined with potash, soda, or 
lime ; thus forming nitrate of potash (saltpetre^ nitrate of 
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soda, or nitrate of lime. It is on this account that all the 
nitrogen in farm-yard manures, and in all organic nitro- 
genous compounds, must be converted into nitric acid, 
undergoing a process known as Nitrification, The 
nitrification, it is now known, is accomplished by certain 
minute organisms in the soil, allied to the Bacteria. 
These decompose the organic bodies, and set free first a 
nitrite ; this is again broken up by other similar organisms, 
and nitric acid is formed, which combines with the potash 
or lime in the soil to form a nitrate. In this form 
nitrogen is capable of absorption by the plant. 

The process of nitrification is almost always taking 
place. Moisture and warmth are essential to its promo- 
tion, but too much water hinders or even stops the process, 
so that in marshy lands it is comparatively inoperative, and 
in excessive cold it almost entirely ceases. 

The amount of air too, in the soil, has an important 
influence on nitrification : porous soils and those broken 
up and well exposed by tillage, are most favourable to the 
action of the micro-organisms. 

Sources of Nitrogen, — Besides the nitrogen given to land 
in manures, a small quantity is continually being supplied 
by rain, which dissolves the small amounts of ammonia 
and of nitric acid in the air, and carries them to the soil. 
The amount of nitrogen thus deposited is estimated to be 
about 3-4 lbs. per acre. 

Another source of nitrogen is that provided by the 
decay and nitrification of Leguminous plants. These do 
not obtain their nitrogen from the soil in the ordinary 
manner, but by a certain peculiar process which will be 
described in Chapter XI. 

From dead animal and vegetable matter after nitrifica- 
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tion, and from the air, as just described, plants in the 
wild condition derive their nitrogen, and Gilbert and Lawes 
have shown that Barley, even after twenty-five years in the 
same soil, and with no manures supplied to it, gave a fair 
crop. But with cultivated plants, the yield of a crop is greatly 
increased if nitrogen be supplied artificially in manures. 

Siilplmr, beyond being a constituent of protoplasm, is 
not known to be of any further use in plant economy. It 
is generally absorbed from the soil as a sulphate, such as 
that of magnesium or potassium, though calcium sulphate 
(plaster of Paris) is the one which is most advantageous 
for this purpose. Supplies of sulphur may be obtained 
from kainit, and sulphate of ammonia. The quantity of 
sulphur required is small, but it is an essential element 
of plant food, and even so small a quantity must be 
available. 

Phosphoms is well known to be highly beneficial to 
plants, but at present the exact function of this element is 
obscure. It appears, however, that its presence greatly 
promotes the assimilation of nitrogenous compounds, and 
it is supposed to be a constituent of tfee nucleus, and of 
the chlorophyll grain. A small quantity is essential for 
plant life. 

Iron, although it is not a constituent of either cell wall 
or protoplasm, is universally found, though often in very 
small quantities, in the ash of green plants, and these 
never grow so well when it is absent. 

The presence of iron is of importance in the develop- 
ment of chlorophyll, although it takes no part in the 
composition of the chlorophyll corpuscles. If a seed be 
planted and grown in a soil absolutely free from iron, its 
first few leaves will develop normally, but the succeeding 
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leaves become paler, or even altogether white, signifying the 
incomplete development of the green pigment ; but if a trace 
of iron be supplied, as a weak solution of one of its salts 
to either the roots or leaves, the green pigment speedily 
becomes apparent, and the development of the plant 
proceeds in the ordinary manner. The quantity of iron 
contained in the seed is small, and suffices only for the 
first stages of growth. For further development of the 
young plant, it must be supplemented. 

Potassium is found to be present throughout the whole 
plant, although, like iron, this element takes no part in its 
actual construction. It is, however, of great importance, 
and plants cannot perfectly develop to produce fruit and 
seed without it. This is easily proved by growing plants 
from seed, in soils destitute of potash. At first the leaves 
may be fully developed, owing to the presence of a small 
amount of potash in the seed, but afterwards, when this is 
exhausted, further development ceases. 

Potassium is especially important for plants which store 
up a large amount of starch or sugar, and the proportion 
found in such is large — for example. Potato tubers contain 
2*27 per cent.. Mangold 3*47, Sugar-beet 5*0. It is 
absolutely necessary for the formation of starch, for 
although all other conditions necessary for this purpose are 
fulfilled, in the absence of potassium the chlorophyll 
corpuscles are unable to manufacture starch. 

The most useful salt appears to be the chloride, and 
next to. this the nitrate, although all the potassium salts, 
being soluble in water, may be absorbed. The effect, 
however, of any salt appears to vary according to the kind 
of plant, and nature of the soil. Kainit — sulphate of 
potash and magnesium, with chloride of sodium-— is an 
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excellent medium for supplying this element to the soil. 
Its place cannot be supplied by sodium. 

Oaldnm and Hffa^^esiuin are invariably present in the 
ash of plants, but very little is known of their importance. 
Calcium is absorbed as a phosphate, sulphate, or nitrate, 
and, like magnesium, may be absorbed as any of their salts. 
The chlorides, however, of these metals are injurious. 

Calcium is commonly found as rhomboid crystals of 
calcium oxalate, in leaves and leaf stalks, sometimes as 
bundles of long needle-shaped crystals (raphides\ and some- 
times in the form of carbonate. According to some authori- 
ties, calcium is of use to neutralise the oxalic acid which is 
formed in the plant cell during the processes of metabolism. 

Magnesium is found in the plant in very small quantities, 
being more abundant in the seed than in the leaves. 

Silicon is one of the most widely distributed elements in 
nature, in the form of an oxide — silica. This is absorbed 
by plants in the form of a silicate, and is largely deposited 
in the cell walls of certain plants, notably the Grasses, and 
the Horsetails {Equisetum), In the straw of Cereals it varies 
from 40 to 70 per cent., imparting great hardness, and it 
was formerly supposed that this element was necessary to 
these plants for forming a sufficiently strong stem. It gives 
greater firmness, but plants in which this element so largely 
occurs have been grown quite healthy, and have attained 
their full development without this substance, so that silicon 
therefore plays no essential part in the plant nutrition. 

Ohlorine occurs in all plants, but in a very small per- 
centage, being absorbed in the form of a chloride. To 
certain plants, as the Buckwheat, the presence of this 
element is necessary for their full development, but very 
little is known of its exact uses to the plant 
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Water Cnltnres. — Experimental cultures to determine 
the relative importance of the various food elements, and 
the amounts necessary to be supplied as well as the best 
form in which to supply them, are easily made by the 
method of water cultures, or by growing plants in soils of 
known composition. 

In the method of water cultures, plants are grown with 
their roots in various nutritive solutions. For this purpose 
tall jars holding about a litre and a half of water are 
necessary, to which the various food elements can be 
added. The plant subject to the experiment must be held 
so that its roots are submerged, while its stem and leaves 
are allowed to grow freely into the air. 

Plants to be used for these experiments should be 
raised from seeds carefully germinated on damp filter 
paper, or powdered quartz, and then securely fixed to the 
underneath side of corks, which fit the jars, and are 
perforated so that the stems may emerge. The roots must 
be in the water, but the jars must not be filled so that the 
seed is in contact with the water. 

A very convenient solution to use for this purpose is — 

Water (distilled) . , looo grammes 

Potassium nitrate . . I'o 

Calcium sulphate 
Magnesium sulphate . 
Calcium phosphate ■. 
Trace of iron sulphate 

This solution contains all the elements of plant food in 
suitable proportions; and healthy plants can be grown 
when it is supplied to their roots. Care must be taken to 
renew the solution frequently, and to keep it in darkness to 
prevent the growth of algae. 
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It will be noted that the growing solution is very dilute. 
Experiments show that a solution stronger than five per 
thousand is injurious, and if weaker than one half per 
thousand, it is too dilute to be of any service. In this 
connection, it will be remembered (p. 55) that solutions 
stronger than five per thousand hinder transpiration. In 
Chapter II. it was explained, that a cell is only maintained 
in a state of turgescence by the power which the substances 
dissolved in the cell sap have of absorbing water from 
weal^er solutions ; and if the nutritive solutions are more 
concentrated than the cell sap of the root hair, it is obvious 
that the root hairs will be plasmolysed, and they will lose 
water instead of absorbing it : and the current of water 
ascending the stem may even be reversed. For this 
purpose, the experiment described on p. 32 may be used, 
for if the plant be watered with a solution of common salt, 
-after a short time, when the root hairs are plasmolysed, 
they will draw water from their neighbours, and the water 
-in the tube will be seen to slowly descend. 

These facts have an important bearing upon the appli- 
cation of artificial manures, and show us why these food 
substances must be supplied in small quantities for their 
proper assimilation by the plant. 

It has been found that each substance is absorbed at a 
certain percentage, which, however, is not the same for all. 
Nitrate of potash is absorbed at a concentration of 2-5 per 
thousand : if therefore it is supplied in solution stronger 
than this, the proportion of water absorbed is greater than 
the potassium nitrate; but if the solution is weaker, the 
proportion of water absorbed is less. 

The Indian corn (one of the Grasses) will be found a 
suitable plant for experiments whereby the deleterious 
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effect of omitting any of these elements of plant food can 
be readily determined. Thus, if a number of these grains 
are germinated, and several of equal vigour selected, one 
may be grown in distilled water, a second with the com- 
plete solution, a third with no nitrogen, a fourth with no 
sulphur, and so on. It will be found that the plant in the 
first jar, with no food supplied to it, and whose develop- 
ment is entirely derived from the reserve materials in the 
seed, is very weak and feeble, only a few leaves and 
attenuated roots being produced; in the second jar, a 
healthy and vigorous plant will be developed ; in the third 
jar, a plant little better than the first, showing how 
important the supply of nitrogen is to these plants. The 
absence of sulphur and phosphorus also will retard the 
development of their respective plants, but not in such a 
marked degree as in the case of the withdrawal of nitrogen. 
The solutions may be varied to any extent, and it is by 
countless experiments upon various plants, that the part 
played by each element has been ascertained. 

The method of water cultures is hardly suitable for land 
plants, whose roots require to be in soil for the normal 
development of root hairs. In order to provide better 
conditions for these, artificial soils are employed which 
contain no nutriment — such as pounded quartz — and are 
watered with the different solutions. A great number of 
experiments have been tried in this way, and our illustra- 
tions, taken from photographs of culture experiments 
undertaken by Prof. Wagner of Darmstadt and kindly lent 
by Messrs Albert & Co., show very effectively the starvation 
which results when any one food element is not procurable 
by the plant. 

Figures 34 and 35 illustrate experiments on Wheat 
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grown in pots (fig. 34) without manure (0) ; with potash 
and phosphoric acid but no nitrogen (K.P.) ; with potash, 
phosphoric acid, and nitrogen (K.P.S.). The yield of grain 
from these same plants is represented in fig. 35. The 
glass cylinder on the extreme right contains the grain 
(i6*3 oz.) produced by the plants grown in pots K.P.S.; 
the next jar that (75 oz.) from the plants in pots K.P.; and 
the next one, the grain ("8 oz.) from plants in pots O. 

The effect of the absence of one element is very 
strikingly shown both in growth of plant and in the yield 
of grain ; for in the case where potash and phosphorus are 
both present, but there is no nitrogen, the development is 
no greater than when no manure is supplied, whilst the 
improvement in growth and yield in these plants when 
nitrogen is added is very remarkable. 

Absorption of Food. — Many substances present in the 
soil in an insoluble state are afterwards found in the plant, 
and must therefore have been rendered soluble before ab- 
sorption. This can be accomplished in one or two ways. 

The cell sap of the root-hairs has an acid reaction, and 
it permeates the protoplasm and cell wall, thus supplying 
the means of dissolving certain insoluble salts. Roots 
grown in contact with a slab of polished marble eat 
away the marble where they are in contact with it, and 
an impress of the complete arrangement of the roots is left 
in the marble. 

Carbonic acid when present in the soil is dissolved in 
the water, and although a weak acid, it has an appreciable 
effect in increasing the power of the solubility of water. 

Many insoluble compounds are rendered soluble by the 
decomposition occurring in the soil during the processes 
of decay, and also by the action of various manures. 
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By one of the foregoing methods, the plant food, when 
in an insoluble state in the soil, may be rendered soluble, 
and care must be exercised in supplying food, to present 
it in either a soluble form or else in one which is easily 
rendered soluble. If this is not done, it may never be 
dissolved and remains therefore unavailable, or else too 
much of the plant's energy is taken up in converting it into 
an available form, and impaired development may be the 
result. In this context, it should be remembered that 
each element is most advantageously absorbed in the form 
of certain definite salts. 

Plants of different kinds, though growing together in the 
same soil, do not absorb the same proportion of mineral 
matter, and the ash of plants grown side by side does not 
contain the same quantities of these substances, on which 
account, roots are often erroneously said to have a 
" selective power.'* This is well shown by the analyses of 
silica in Grasses and Leguminous plants. 

Thus, 100 parts of Meadow hay contain 27* Silica 
„ „ Wheat straw „ 67*5 „ 

„ „ Red Clover „ 2-57 „ 

„ „ Pea straw „ 6-83 „ 

This so-called "selective power" is true not only of such 
widely different plants as those just mentioned, but even 
of varieties of the same species ; and further, the analysis 
of plants of the same variety but of unequal vigour, grown 
on the same soil and under similar conditions, gives 
different results, and the composition of a plant' varies 
according to its vigour and conditions of growth. 

The explanation of this apparent "selective power" is 
readily afforded by considering how a plant's food is 
absorbed. 
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The cells of the root-hairs, when turgid, will absorb any 
substance dissolved in the water surrounding them which 
they do not already contain in the same degree, until an 
equal degree of concentration is obtained on both sides 
of the cell wall ; this substance is similarly passed on to 
the next cell, and it is obvious that a further amount must 
be absorbed, and the process repeated, until the whole 
plant is permeated. If the substance is one which is con- 
tinually being converted to the uses of the plant, the 
equality of concentration can never be maintained, — and 
its absorption is constantly taking place ; but if it is not 
used, there will be a time when the plant and the soil 
contain the same percentage, and therefore no additional 
supplies can be absorbed. 

The absorption of silica illustrates this very well. The 
silica absorbed by the grass roots is deposited in the cell 
walls of the haulms, rendering them very hard, and is 
thus removed from the field of action; more silica is 
therefore absorbed, and the large amount of this element 
found in these plants is explained. 

In Leguminous plants, on the contrary, the silica is not 
deposited, but remains in solution, consequently when the 
plant is saturated silica ceases to be absorbed, and these 
plants contain relatively a small amount of it. 

Exactly the same process takes place with all elements 
capable of being absorbed, and this explains why so many 
substances are found in the ash in addition to those men- 
tioned, some of which are of no use, and others even 
poisonous. 

These considerations give the key to the principle 
of the " Rotation of Crops," by showing how different 
plants requure and absorb their food elements in different 
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proportions. Each crop therefore exhausts the food con- 
stituents in certain proportions from the soil, and so leaves 
it in a condition unfit for the profitable cultivation of the 
same crop in the following season, though the soil may 
still contain all the food elements necessary for plants of 
a totally different kind. A judicious succession of crops 
secures that the full value is obtained from manures, the 
residue of one crop being utilised by those succeeding it, 
and the health of the crop is not impaired by imperfect 
nourishment. 

The various food substances are not absorbed with 
equal vigour during the whole life of the plant. The 
absorption depends, as we have seen, on the activity with 
which they are changed and used in the plant, and so at 
one period of the plant's life it requires more of a particular 
food element than at another. This is well brought out 
by a very interesting series of analyses of the Oat by 
Bretschneider, a full account of which will be found in 
Johnson's "How Plants Grow." Bretschneider divided 
the life of the Oat into five periods, and at the end of 
each he analysed the produce of a square rod of land. 
His periods were — 

I St period. — Four to five leaves developed. 

2nd „ Plants were headed. 

3rd „ Full bloom. 

4th „ Beginning to ripen. 

5 th „ Fully ripe. 

The total weight of crop per acre is given in the follow- 
ing table in lbs. avoir. : — 
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Total. 


Dry Matter. 


Water. 


I St period . 


6,358 


1,284 


5,074 


2nd „ 


10,603 


• • • 


• • • 


3rd „ 


16,523 


4,383 


12,240 


4th „ 


14,981 


5,427 


14,983 


5th „ 


10,622 


6,886 


3,736 



From the first column we learn that the weight of the 
crop gradually increases up to the time of " Full Bloom," 
and then diminishes. The third column shows that the 
diminution of weight in the last periods is due to the 
plant losing a considerable amount of water, while 
from the second column it is seen that the dry organic 
matter continually increases up to the end of the plant's 
life. The accumulation of the dry organic matter is not 
however uniform, and is greatest when the plant is in full 
blossom. 

The absolute quantities of carbon, hydrogen, oxygen, 
nitrogen, and ash in the dry Oat, are given in the following 
table in lbs. avoir, per acre : — 

Carbon. Hydrogen. Oxygen. Nitrogen. Ash. 

I St period . 593 80 455 46 no 

3rd „ . 2137 286 1575 122 263 

4th „ . 2600 343 2043 150 291 

5th „ . 3229 407 2713 167 372 

Although, therefore, the absolute quantities of the 
various elements increase, yet the rate of increase is not 
uniform, or in other words, they are absorbed in diflferent 
ratios in the different periods. The ratio of hydrogen to 
carbon, for example, gradually diminishiss; while that of 
Mitrogen to carbon decreases from infancy to bloom, at 
which latter period it increases very much for a short time, 



FOOD. 131 

during the early stages in the ripening of the seed, but falls 
again soon afterwards. The ratio of oxygen to carbon 
increases throughout the last three periods. 

These researches show the period in the life of an Oat 
(which may be taken as an example of the annual cereals) 
at which it most requires any particular element of its food — 
for example, the greater part of the nitrogen is absorbed in 
the first three periods. In addition, they indicate the 
quantities of each of these elements removed from the land 
by the crop in question, and that ttie time of greatest 
activity for the assimilation of the elements, coincides with 
that of flowering. 



CHAPTER IX. 

REPRODUCTION. 

The processes by which new and independent plants are 
produced in nature are very varied, but they all agree in 
the fact that the new individual is always developed from a 
reproductive body, which is itself a portion of a pre-existing 
organism. The degree of complexity of this reproductive 
body varies very much : it may be only a single cell 
specially modified for this purpose, or it may be con- 
structed of one or more cells which are not modified, and 
therefore do not differ from the ordinary cells of the plant. 

The single cell specially modified for reproduction may 
be formed in one of two ways, either it may be the result 
of the coalescence of two masses of protoplasm and of their 
nuclei, as in the formation of the oosphere, which eventually 
becomes the embryo of a seed, or it may be a cell which 
is capable of developing into a new individual without the 
assistance of another cell. 

The cell which is the result of the coalescence of two 
nucleated masses of protoplasm is said to be produced 
Sexually ; and in contradistinction the single cell which by 
itself is capable of producing a new plant is said to be 
formed Asexually, 

Plants which are merely produced from a portion of the 
body of their parent not essentially differing from it, are 
said to be produced Vegetatively, 
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The reproduction of plants then takes place, Sexually^ 
Asexually^ or Vegetatively, 

Asexual reproduction is found very generally throughout 
the vegetable kingdom, but need not be considered in 
relation to Agricultural Botany. 

In a previous chapter, in treating of fertilization, the 
process of Sexual reproduction has been described. 

The plant developed in this manner commences a new 
generation, and being an independent individual, often has 
characters slightly differing from those of its parents. It 
is this natural tendency to variation which is taken 
advantage of in cultivation, to perpetuate such characters 
as are found to be most desirable for certain conditions, 
and to induce other useful variations by means of suitable 
crossings with other plants. 

Hybridisation. — Fertilization can be readily effected 
between plants of the same species, and in some cases 
between closely allied plants of different species, the off- 
spring in this latter case being known as a hybrid. The 
hybrid usually possesses some of the characters of each of 
its parents, and, so. to say, stands between them; sometimes, 
however, it may present features more closely resembling 
one of its parents than the other. 

In Nature hybrids are rarely found ; for, as a rule, the 
greatest sexual affinity is possessed by individuals of the 
same species, and should the pollen from one plant be 
placed upon the stigma of another not of the same species, 
it would almost certainly be rendered useless by the 
principle of prepotency. Artificially, by transferring the 
pollen from anther to stigma, and protecting the stigma 
from any further reception of pollen, hybrids may be pro- 
duced. The plants must however, be closely allied to 
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each other, or must possess the requisite degree of sexual 
affinity. 

In a few cases distinct genera are capable of hybridising, 
but generally the degree of relationship must not be wider 
than that of species, and in this case some species are 
found to form hybrids readily, while others cannot do so. 
Varieties of the same species can generally hybridise, 
though this rule again is not without exceptions. 

Further, although the pollen from one plant may fertilize 
the stigma of another one, it does not follow that this 
process can be reversed, and so instances are known in 
which " reciprocal hybridisation " cannot take place. 

Hybrids are rarely fertile, in many instances absolutely 
sterile, between themselves ; but, when crossed with one or 
other of the parent forms, offspring may be produced. 
These offspring more nearly resemble the parent form, and 
after repeated crossings the hybrids become undistinguish- 
able from the original parent form. 

Hybrids are often vegetatively more vigorous than their 
parents, as shown by the larger leaves and stems, and by a 
greater development of root-system. Their flowers too are 
often larger and more brightly coloured. 

From an economic point of view the production of 
hybrids is advantageous in producing new and useful 
varieties of plants. 

Vegetative reproduction is extremely common in Nature, 
and may be produced artificially. 

Perhaps the simplest case is that of a Moss, in which 
new moss-plants may arise from branches which become 
separated by the decay of the connection with the stem on 
which they are borne. 

Another instance a little more complicated, is found in 
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the production of Strawberries from runners, which differ 
from the moss-branch in being adapted for this purpose. 
The greatest adaptation occurs when special reproductive 
bodies are formed, such as the tubers of the Potato or 
Artichoke, or the bulbils of certain Lilies. 

Bunners. — Perhaps the most familiar example of a 
Runner is that of the Strawberry, which may be said to 
have two kinds of stems, the long and the short 

The short stem, although it may live for several years 
never becomes more than a few inches in height, owing to 
the fact that its internodes always remain undeveloped. 

The leaves borne 
on these stems are 
the foliage leaves, 
which are necessari- 
ly always crowded 
together, and never 
removed much above 
the ground. Fig. 36. 

The short stem Runner of Strawberry {Fragttria vesca), 

with its leaves constitutes the Strawberry plant proper. 

The long stem arises a'S a branch in the axil of one of 
the foliage leaves on the short stem, and is characterised 
by its long and attenuated internodes. These long stems 
are the so-called Runners, The number of the lengthened 
internodes is two, or sometimes only one ; the leaves borne 
at the nodes never develop into foliage leaves, but remain 
rudimentary, and are sometimes reduced to mere stipules. 

The terminal internodes remain undeveloped, and on 
coming into contact with the soil, adventitious roots ai?d 
foliage leaves are soon again formed, and thus a new 
Strawberry plant is produced. 




' 
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Very often two or three plants are found connected 
together and apparently produced upon the same runner. 
This, however, is not the case, each plant being formed in 
the manner just described, at the end of its own runner, 
which is always an axillary branch from the plant im- 
mediately preceding it. 

The runner often attains a considerable length, in order 
to place the young plant at a distance from its parent, 
to prevent any competition either for soil or air arising 
between them. It also affords a means of conveying 
nutriment from the parent to the offspring, and so persists 
until the latter has become fully established, after which 
it dies off, and the new plant becomes an independent 
individual. 

Stolon is a name given to long creeping branches which 
bear leafy shoots and roots at the nodes. By the decay of 
the internodes the plants become free. Stolons are very 
frequently found among Grasses, some species spreading 
very rapidly by this means. Runners and Stolons are 
therefore practically the same. 

Sucker. — In the Couch Grass another instance of vege- 
tative reproduction may be studied. In this plant two 
kinds of stems are also to be distinguished, one aerial, 
and the other subterranean. 

The aerial stems in many cases, besides the foliage 
leaves, bear the inflorescence; therefore the number of 
their internodes, and consequently their power of growth 
in length, is limited. 

The subterranean stems, on the other hand, are capable 
of forming an unlimited number of internodes, and their 
growth in length proceeds whenever the necessary con- 
ditions are satisfied. The leaves borne on these stems 
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are mere scales, and serve to protect the growing point 
while forcing its way through the ground. At each node 
roots are formed, and also a bud, which may develop into 
an aerial stem, familiarly known as a Sucker, 

The prevalence of the Couch Grass, and the difficulty in 

r 

exterminating it, is due to this method of propagation, 
for a single node of a subterranean stem, even when 
detached, has the power of producing a new plant, and 
of putting forth fresh subterranean stems in all directions. 

Similar examples are found in the Offset of the House- 
leek, the Sucker of the Mint, Rose, Plum, &c. 

The Tuber of the Potato or Artichoke is similarly a 
reproductive stem, formed underground, and specially 
enlarged to contain the nutriment necessary for the first 
growth of the new plant. 

In the axils of certain of the scale leaves of a Hyacinth, 
or Onion bulb (fig. 22), or the foliage leaves of some of the 
Lilies, small bulbs (bulbils) are formed. These bulbils 
when planted become new plants, and are again examples 
of vegetative reproduction. 

Laying^ cuttings^ grafts^ &c., are examples of the manner 
in which vegetative reproduction may be artificially 
induced. 

Laying merely consists in the artificial production of 
a sucker, which is contrived by bending a branch and 
fastening it securely so that a small portion is in contact 
with the soil. Roots soon make their appearance at this 
point, and when sufficiently developed the connection with 
the parent is severed. 

Gattings. — Many plants are noted for the ease with 
which they may be propagated by removing a small portion 
and planting it. In the instances previously considered. 
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the young plant has been specially nourished by its parent 
until it can provide its own supplies, but in the cuttings 
this is not so. The portion employed must contain in 
its cells sufficient reserve material out of which to construct 
the members which are required to complete the plant, 
A very familiar example is the cutting of a Geranium, which 
has already stem and leaves, and readily produces roots. 
But even such a large portion as this is not necessary, 
a single leaf of some 
species of Begonias, 
&c., being capable of 
producing new plants. 
Budding is another 
, example of vegetative 
reproduction fre- 
quently practised by 
gardeners to propa- 
gate various kinds of 
Roses, &c. This pro- 
cess consists in re- 
moving a bud from 
one tree (the scion) 
and affixing it to an- 
other (the stock), in 
order that it may grow 
and become a branch upon the latter. 

For this purpose a lateral bud (fig. 37, £) is cut from a 
shoot of the scion, together with a small portion of bark, 
ground tissue, and bast, any wood of the shoot which may 
be cut with it being carefully removed from the bud; this 
is readily effected, the thin walls of the cambium offering 
little resistance to the separation of the wood from the bast. 
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A T-shaped cut (fig. 37, A) as deep as the wood is made 
in the stock, and the tissues external to the wood raised 
for the reception of the bud. The bud is then inserted 
in this cut, and bound in securely though lightly (fig. 37, C), 
When the operation is successfully performed the cambium 
of the bud and the stock unite, and also the wood, bast, 
and ground tissues. The bud then receives supplies from 
the stock, developes as a branch upon it, and becomes an 
integral part of the whole. 

Grafting, a process closely resembling budding, is per- 
formed by cutting a stock obliquely and fastening on to it 
a shoot cut also in an oblique direction, so that the 
cambiums, woods, basts, and ground tissues of the graft 
and stock are in contact with each other respectively. 
The graft and stock must be securely fastened together 
and the junction covered over to keep the cells in a turgid 
condition, and to prevent the access of the spores of any 
parasitic fungi which might gain an access to the plant at 
the wounded surface. The graft becomes a branch upon 
the stock, and eventually the two are one tree. 

The advantages gained by this method are the invigora- 
tion of the graft by its union with the stock ; and the 
production of flowers and fruit earlier than by the method 
of cuttings. 

In all cases of vegetative reproduction, it must be borne 
in mind that the new plant is part of the substance of its 
parent, and in fact we must consider the various individuals 
which are vegetatively derived from the same parent as parts 
of it, and therefore belonging to the same plant. What- 
ever properties therefore are possessed by the parent, are 
found in all plants which are vegetatively derived from it. 
It is for this reason that vegetative propagation is so 
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commonly employed. The good qualities of Potatoes, 
Strawberries, &c., are handed down in the young plants 
raised in this way, and it is by this means that they can be 
most purely transmitted. Another advantage is that the 
young plant becomes useful much sooner than when raised 
from seed, and the time necessary for the early develop- 
ment is saved. A Geranium cutting, for example, blooms 
the next year, but a seedling Geranium does not bloom for 
one or two years. 

On the other hand, if the method of vegetative reproduc- 
tion is persisted in for too long a period, the plants 
are enfeebled by continued propagation in this way, they 
gradually lose their constitutional vigour, become weakened, 
and are much more likely to succumb to disease, or even 
to die out altogether. 

It would appear that the protoplasm and nucleus by 
repeated division, lose their energy, become " worn out," 
and require a fresh stimulus. This required stimulus is 
gained by the process of sexual fertilization, from which 
results an entirely new cell. The oosphere is invigorated 
by fertilization, and the oospore invested with qualities 
never before possessed by any individuals. The plant 
derived from the oospore thus has properties entirely new, 
it starts with renewed vigour, and gives rise to a race much 
more healthy and more able to resist unfavourable condi- 
tions and disease. 

This increased vitality lasts for a time, but sooner or 
later exhibits a perceptible diminution of power. 

This is well seen in many fruit trees, in which deteriora- 
tion has followed from continued propagation by buds, 
grafts, &c., but in no cases is it more apparent than in 
Potatoes. New varieties, supposed to be " disease proof," 
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are continually being brought out: these have merely a 
stronger constitution through being raised from seed, and 
in a few years it is found that they again deteriorate and 
are liable to fall a prey to disease. 

The two methods of sexual and vegetative propagation 
may, in this manner, each serve to complement the other ; 
it is through the former that new varieties can be obtained, 
and by the latter that they can be perpetuated. 



CHAPTER X. 



DISEASES. 



The question of the health of a plant, and the best way 
of securing it, is of paramount importance, upon it 
altogether depending successful cultivation ; and it is only 
by a thorough knowledge of plant physiology that condi- 
tions favourable or unfavourable can be understood, and 
the latter modified or guarded against. 

Adverse conditions may be permanent, in which case 
it is obvious that no good results can be obtained; but 
they may be merely temporary, under which circumstances, 
if not too prolonged, little loss would be experienced were 
it not for the fact that the vigour of the plant is impaired, 
and it is thereby rendered more liable to succumb to 
attacks of fungi which in the perfectly healthy state it 
would successfully resist. The destruction caused to crops 
by fungi is enormous. In the present chapter we will 
briefly discuss the nature of these fungi, the general condi- 
tions of fungus life and their methods of reproduction, and 
will then treat of a few of the more important of the 
fungoid diseases. 

The plants which we have hitherto been considering are 
able to manufacture the necessary organic compounds from 
certain inorganic ones. But all plants have not this power, 
and a large section, having no chlorophyll, are directly, or 
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indirectly, dependent on those possessing it. Some of the 
plants devoid of chlorophyll prey on living organisms, and 
are called parasites; while others obtain their supplies from 
dead organic matter, and are known as saprophytes. We 
need here only consider one or two of those parasites which, 
by drawing their supplies from cultivated plants, cause a 
loss to the cultivator. 

The most lowly organized plants may be either unicellular 
or multicellular ; but the cells are not differentiated into the 
three tissue systems, and as a consequence these plants 
have not the three members — stem, leaf and root. The 
name given to this group is that of Thallophytes. The 
Thallophytes very naturally are divided into two groups, 
those which possess chlorophyll (Algae), and those which 
do not (Fungi). It is only with one or two forms of the 
latter that we have to deal. It must not, however, be 
supposed that all non-green plants are fungi : on the 
contrary, not a few forms are found among the highest 
group of plants, which, having no chlorophyll, are de- 
pendent on other plants. One of these — the Dodder — a 
plant closely related to the Convolvulus, preys upon Clovers, 
often causing great loss to the farmer. 

In ordinary parlance the term Fungus is applied simply 
to Mushrooms and Toadstools, but, according to our defini- 
tion, it includes in addition to these, the moulds, mildews, 
and very many other parasitic or saprophytic forms. In 
considering a fungus we must never lose sight of the fact 
that it belongs to the vegetable world, and is subject to 
the ordinary conditions of plant life : its optimum tem- 
perature, however, is often considerably lower than that of 
the higher plants, a fact which is of considerable importance 
in some fungoid diseases. The cells are essentially the 
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same as those of the higher plants, having cell-wall, proto- 
plasm, and sap-cavities. Generally they are much longer 
than broad, and, when viewed through the microscope, 
resemble threads, so have been designated by the Greek 
word hypha^ which means a thread. A hypha, then, is a 
filament made up of one or more long cylindrical cells. 
These cells branch and rebranch in all directions to form a 
felted mass, which is described by a term derived from the 
Greek word for fungus — mycelium. 

Reproduction. — The fungus can reproduce either 
vegetatively, sexually, or asexually. 

In the asexual method special cells are formed, which 
have the property of growing into new fungi. These cells 
are often produced in very great numbers, and are the chief 
means by which disease is spread; they are formed either 
by the division of one cell, or are budded off from the 
extremity of a special hypha, and are usually termed spores^ 
sporidia^ or conidia. 

Sexual reproduction is only known in certain fungi. A 
union of two cells takes place — but the details of the pro- 
cess are often complicated, and must be studied in each 
particular case. 

The parasitical fungi penetrate the tissues of the host- 
plant, their mode of action being to push the hyphae along 
the intercellular spaces, and also to bore through the cell- 
walls. Once inside the cell, the hypha succeeds in killing 
the protoplasm, devouring it and the useful cell-contents ; 
and thus gaining fresh vigour from every cell which is 
overcome, it permeates and destroys cell after cell, until the 
usefulness of the host-plant is impaired, or it may be 
altogether destroyed. If this destruction were confined to 
a few cells, or even to a few plants, the loss would be 
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trifling; but the extraordinary rapidity with which the fungi 
multiply, and the ease with which their reproductive bodies 
are carried from plant to plant, renders their extirpation a 
very difficult matter, and occasions most serious losses. 

Finger and Toe. — Finger and Toe, Club - root, or 
Anbury, is the name given in various parts of the country 
to the disease which attacks the roots of Turnips, Cabbages, 
and in fact nearly all Cruciferous plants, the term " Club " 
being specially applied to the diseased Cabbage roots. It 
is exceedingly widespread, occurring in many countries of 
Europe, and in N. America. 

The first symptoms of the disease are tumorous swell- 
ings on the roots, to be afterwards followed by complete 
rottenness. To understand the nature and cause of this 
disease, we must examine and compare the healthy and 
diseased tiissues. The healthy root has been described 
(ch. iii.). Quite different in appearance (fig. 38) is that 
of a root suffering from " Fingers and Toes." A careful 
comparison of sections, taken from roots of nearly the 
same age, leads to the conclusion that the number of cells 
is much greater in the diseased than in the healthy root, 
the arrangement of the fibro-vascular bundles is also dis- 
turbed, and many cells are conspicuous by their much 
larger size. The swellings on these roots are due to*the 
excessive enlargement of many of these giant cells. The 
cause of these abnormal conditions must next receive our 

> 

attention. 

Referring again to our figure, the giant cells are seen to 
be further remarkable, by containing an opaque mass of 
protoplasm. Numerous granules and drops of oil are 
embedded in this mass of protoplasm ; in some stages it 
contains numerous vacuoles, in others it is fairly dense, 

K 
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This is not the original protoplasm of the cells, but belongs 
to an oi^anism living inside the cells of the diseased root, 
and in this condition consisting of a single mass of proto- 
plasm destitute of cell-walL This oi^anism is known by 



fig- 38 IJrom. Ward, after Wormin). 
Tniavene kciiod of a rooi alucted by Platmsdiiiphin. Numerous gianl-ce 
An seen full ofgnnuUr proloplAsm and younE spores: ihc enlarged ccJli disturb t. 



the name of Plasmodwfhora brassier : it is not one of the 
true fiingi, but belongs to a lower group known as Slime- 
Jurtgi. Sometimes the cell-protoplasm can be detected in 
these cells as well as that of the Plasmodiophora. 
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The protoplasm of Pldsniodiophora has essentially the 
same properties as any other cell. It is automatic, and 
may be seen slowly moving inside its host's cell. 

It is also metabolic, but cannot manufacture its own 
supplies, deriving them from those destined to nourish its 
host. When a small portion enters a previously healthy 
cell, a battle immediately commences between these two 
masses of protoplasm. The plant, striving for the mastery, 
sends down large supplies to the assistance of the attacked 
cell, which gradually enlarges and becomes a giant cell in 
consequence of this extra supply; while the Plasmodio- 
phora, for its part, first devours the cell-protoplasm, and 
then the food substances which are being conveyed to the 
cell. 

It is Reproductive, first, by the process of division. 
Small portions are separated, which, passing through the 
minute pits in the cell-wall, enter another cell with the 
same disastrous effect as before, and in this way the disease 
spreads throughout the root. Secondly, when the Plas- 
modiophora has finished its existence in any cell, it breaks 
up into an enormous number of small spherical cells — 
spores' — about one fifteen-thousandth of an inch in 
diameter (fig. 39). The fate of these spores is very in- 
teresting, and affords a clue to the spread of this disease. 

The Turnip or Cabbage root, when its cells are dead, 
becomes soft and rotten, and the putrid mass contains 
millions of these spores, which, under favourable conditions 
of temperature and moisture, and with a supply of air, 
germinate — that is, the cell-wall is ruptured and the proto- 
plasm escapes (fig. 40). The minute mass of living 
protoplasm, destitute of cell-wall, frequently changes its 
shape, and by means of the motion of a fine whiprlike 
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prolongation — HUum — can insinuate itself between the 
particles of soil. It does not long continue in this state, 
but withdrawing the cilium, moves by merely creeping over 
the particles of soil, and at this stage may effect an entrance 
into the roots of Cruciferous plants, and so penetrate the 
cells, and commence the disease. 



Observations are still wanting to show the actual entrance 
of this fungus into the Turnip or Cabbage root, but the 
evidence seems to point to the fact that the entrance is 
effected through the root-hairs. Once inside the plant the 
disease is soon established, and quickly spreads throughout 
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From the foregoing sketch of the life of this remarkable 
fungus, it is well seen that to prevent the continuance of 
this disease the fungus must be killed. To leave the 
decayed roots to rot in the ground, or to throw them on 
manure heaps, is simply a method of spreading it. These 
rotten roots should in all cases be most carefully destroyed. 
To burn them is no doubt the most effectual way of 
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Fig. 40 {from Wvjd, after Woronin). 

Spores oi Plcumodhphora Brassicee^ showing various stages of elitnination. The 
spore (0) bursts as one point (^), and the protoplasmic contents emerge as a ciliated, 
naked mass of protoplasm (Jt^c^ d)^ which creeps about by continually changing its 
form (jct). Very highly magnified. 

eradicating the disease, but is perhaps hardly a practical 
suggestion in this case. The fungus when in the soil can 
be killed by the application of various poisons. With this 
object Gas-lime and Lime are often recommended. These 
should be liberally applied while the diseased Turnips, and 
therefore the Plasmodiophora spores, are on the surface of 
the ground, and before they are buried and thus to a great 
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extent protected. These substances are destructive to all 
life, and seeds, therefore, must not be sown until the 
poisonous -effect has disappeared from the soil. 

Plasmodiophora brassica^ although it attacks many of the 
Cruciferous tribe, is fortunately powerless to injure any 
plants not members of the group. By growing other crops 
upon infected land, the fungus must gradually be ex- 
hausted and finally disappear from sheer starvation. To 
effect a cure by this means, Charlock and all Cruciferous 
weeds must of course be destroyed, not only on the land 
itself, but even in the hedgerows, for they would only serve 
as a means of propagating the disease. 

Cruciferous plants, in common with all cultivated plants, 
are liable to the attacks of Insects, especially in the larval 
stage. These larvae often cause swellings on the roots 
which to a certain extent resemble " Finger and Toe," but 
which on no account must be confounded with it. The 
confusion has no doubt arisen from the presence of larvae 
in the roots infested with Plasmodiophora, especially in the 
rotten condition; but the Insect attack does not exhibit 
the disturbed arrangement of tissue we have described, and 
it may clearly be distinguished from the fungus attack, 
certainly with the microscope if not with the naked eye. 

Potato Disease. — ^The appearance of the "Potato 
disease " is too well known to need a lengthened descrip- 
tion. When the Potatoes are dug up, some are found to 
have one or more large brown patches, caused, as is easily 
seen, on scraping the Potato, by the discoloration pf its 
cells ; others may be completely rotten, and observation 
shows that the brown spots are only an early stage of this 
advanced condition. We have now to inquire into the 
cause of the discoloration and subsequent rottenness. 
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A section cut to include some of the diseased, and some 
of the still healthy cells of a diseased Potato, and placed 
under the microscope, shows that some of the cell-walls 
have turned brown, and that their protoplasm is dead and 
of a similar colour. In addition, numerous thread-like 
bodies are found among the brown cells. With a tolerably 
high magnification it is seen that these threads are long, 
cylindrical cells joined end to end, each with its own cell- 
wall and protoplasm. They are in fact, the hyphae of a 
fungus {Fhytophthora infestans) which branches freely 
throughout the diseased portion, causing the destruction of 
the cells which it enters, until the whole tuber is decayed. 

The fungus, when it has found a home in a Potato, does 
not always immediately commence its work of destruction. 
Should it first attack the tuber late in the season, about the 
time that the haulms are dying down — that is, at the close 
of the period of active vegetation — it may remain dormant 
for some time. The dormant fungus hypha is very small, 
and easily escapes detection : it occurs in minute brown 
specks just beneath the epidermis, which are easily over- 
looked, and this explains why Potatoes, when first dug up, 
are often apparently sound. During the winter, however, 
the Potatoes should be looked over several times to find 
any which are beginning to decay, or in other words, 
those in which the fungus hyphae, instead of remaining 
dormant until spring, commence an active existence in the 
tubers. 

The Potato sets, when planted in the spring, resume their 
active growth, and should they be infected with the fungus, 
it also commences a period of activity, its hyphse pene- 
trating and destroying the cells of young, growing plants 
(fig. 41). Many young stems succumb altogether from this 
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cause ; in others, the fungus keeps pace with the growth of 
the stem, and entering the leaves, produces the brown and 
black patches which may be observed in the Potato leaves 
during the summer months. When observed in large 

numbers, it is a sure sign 
that many Potatoes will 
be found diseased. 

The cause of the spots 
cannot be determined by 
the unaided eye, but 
when sections transverse 
to the leaf and through 
the margin of one of the 
patches (fig. 42) are ex- 
amined by the micro- 
scope, it is found that 
their cells are dead, and 
that their dark colour is 
due to the discoloration 
of the cell-walls, the pro- 
toplasm, and cell -con- 
tents. The contrast 
between these and the 
living turgid cell, with 
Fig. 41 {from Ward), j^g bright green chloro- 

Cells from the stem of a Potato, with the , ,, , 

hyphae of Phytopkthora running in the cell- phyll COrpUSClcS IS VCry 
walls; a, a nucleus. -r» ^ ^r • • 

strikmg. But this is not 
all that may be observed. Numerous hyphae are also 
found between the cells in the many intercellular spaces, 
and others are seen projecting into the air. The hj'phge 
in the tissues of the leaf ramify in the intercellular 
spaces, which they block up, and thus deprive the cells of 




their needful supply of air ; they also penetrate the cells, 
absorbing the products of manufacture, and ultimately 
destroying them. The structure and function of the leaf 



Fig. 42 (/>™ IVard). 

Transvene Kction of a Potato leaf throuEh the nuuvin oT a disused apol. 

Numerous hyphz arc s«a in tbc lissues of the leaf, some of Hbich emeTge Ihroueh 

the ooma (a. c, lii and bear conidia (i) ; at the daiker apou the celli are aJrewiy 

destmyed; /y a hair. The Uafit imtrted, tMe tovnr sui^act Mug pfacrd vf^tr' 

having been fully dealt with in a previous chapter, it 
will be understood how the destruction of any of its cells 
injures the leaf by depriving it of the means of assimilation. 
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and thus lessening its utility ; and when the hyphse spread 
from cell to cell, rapidly increasing the area of their work, 
the measure of the 
harm which is wrought 
will readily be appre- 
ciated. At the close 
of the life of the leaf 
Jf some hyphffi work 

# their way along the 
leaf stalk and down 
the haulms to the 
tubers, which they 
enter, some of the 
C. hyphje remaining in 

#the tutjCT in a resting 
state until such time 
as the conditions are 
again favourable for 
development. 
" / As soon as the 
/ hyphffi in the leaf 
A have gained sufficient 
/ strength, special aerial 

hyphse are produced, 
which emerge through 
the stoma (fig. 43), 
branch freely, and 
ii hyphK ^^^^ ovoid reproduc- 
™3[uV'7c,S^SUhd^iS'™™»;i: tive bodies known as 
a«™po«. conidia. The conidia 

are liberated from their hyphae, and being exceedingly light, 
are scattered in all directions by gusts of wind. When 



f 'B- 43 Kfro" Strasiurger), 
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placed in a drop of water, or on any moist surface, 
the protoplasm of the conidia undergoes division (fig. 
44, d\ and from the pointed end {c\ about ten 
minute masses of protoplasm {zoospores) emerge. / These 
are each provided with two cilia {e\ by the motions of 
which they swim about freely for a short time; after- 
wards they withdraw the cilia and surround themselves 
with a cell-wall, and then emit a delicate tube (germ- 








#^ ^ 





Fig. 44 (from Ward), 

Germination of a conidium of Phyiopkthora, a, mature conidium ; ft, its (pro- 
toplasmic contents becoming divided ; c, the escape of the zoospores ; e^j, zoospores 
with two cilia ; t—^, germination of zoospoee^anfi formation of its germ-tube ik). 

tube, (k). If the zoospore should not fall on a Potato 
leaf its development proceeds no further, and thousands 
upon thousands must perish in this manner ; but on 
the Potato leaf the extremity of the germ tube secretes, 
a ferment by which it is enabled to bore a minute hole 
through the wall of an epidermal cell (fig. 45, c\ and 
thus effect an entrance into the leaf, or it may pass in 
through a stoma (a). 
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It is then by means of the conidia and zoospores that 
the disease is communicated from plant to plant; but 
all conidia which fail to fall on leaves are not lost, for 
it also appears that many of these minute bodies are 
washed into the soil by the rain and are able to penetrate 
the tubers and infect them with disease. 




Fig. 45 [from Ward), 

Germination of zoospores of Pkyiofhihora, At a the germ-tube is entering the 
potato leaf bv means of a stoma ; at c, it is boring through the outer wall of an 
epidermal cell. 

Potato Disease is always more prevalent in cold, wet 
summers, than in those which are hot and dry. This 
is readily explained by the method of propagation, the 
conidia requiring moisture for their germination. But 
a cold, wet season is not without effect upon the Potato 
plant itself, enfeebling its vitality in no inconsiderable 
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degree, by decreasing the transpiration, and thus allowing 
water to accumulate and saturate the leaves. As a 
consequence, the cell-walls become softened, and the 
germ - tubes then 
find a more easy 
entrance. In a hot 
and dry summer the 
epidermal walls are 
too hard for the 
germ-tube to bore 
through, and many 
of the conidia must 
be shrivelled up 
and perish. Cold 
temperature too, is 

against the Potato, ■* 

which has a fairly 
high optimum ; but 
it is most favour- 
able to the fungus, 
which flourishes best 
in a much lower 
temperature. 

The only real 
remedy for Potato 
disease is to I 

thoroughly stamp p,,. ,, (^„ ^,,.^,. 

out the fungus. All y„„g pu^ ^ wh«, infe«ed -i.h "r«».." ., 
the leaves, haulms, Sumn.=r-ipor«;>.widtB..p««. 
and especially rotten Potatoes should therefore be burnt; to 
leave these on the land or to throw them on manure heaps 
is certainly to ensure the spread of the disease. Lately an 
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attempt has been made to kill the conidia or zoospores, 
without injuring the potato plants. A mixture known as 
the Bouillie Bordelaise — 20 lbs. of sulphate of copper 
dissolved in 100 gallons of water; and 10 lbs. of freshly 
slaked slime, stirred, when cold, into the copper solution — 
is applied to the leaves in a fine spray. The results of 
numerous experiments with this mixture, show that it has 
some effect in checking the disease, and that a gain in the 
weight of the tubers follows its use.* 

Bust of Whoat. — The parasitic fungus which causes 
the well-known yellow or yellowish-red lines and patches 
upon the leaves of Wheat (fig. 46 «), and the black lines 
upon the straw, belongs to a group of fungi which are 
able to prey upon more than one kind of plant, and to 
assume different forms in their separate hosts. The forms 
adopted are so diverse that special names have been given 
to them, and it is only quite recently that we have been 
in possession of their complete life-history. 

The fungus which causes the "Rust of Wheat" 
{Pucdnia gramtnis) lives in the early spring upon the 
common Barberry, and in the summer on the Wheat, 
and passes the winter in the form of spores specially 
adapted for this purpose. We commence our study of 
this interesting fungus with its appearance on the Barberry. 

Very often, in the months of May or June, numerous 
orange spots may be observed on the leaves of the Bar- 
berry, sometimes more than one on a leaf. These spots 
are generally circular, and where they occur, the leaf is 
swollen to twice or thrice its usual thickness (fig. 47, /), the 
swelling protruding chiefly on the lower surface. To 

* Report on recent experiments in checking Potato Disease ; Board 
of Agriculture. 



understand the diseased condition of these leaves, thin 
sections must be cut transverse to the leaf: their 



Fig. 47 {JriHft Pranil, aflir Sachs). 

Rusl of Whcu (Piitciitia graminii). i, transveisc uclion of Barbary leaf ; c, 

upper, ■, under surfice; a, CEddii;j», wall of oecidium {jMiidinm); ip, ipumo- 

Cla ; ftl ^ u shown the naturnl thickness of the leaf which ii very much increaied 
1 « to > ^, fl youne secidiiam. //, Winlei-spom. (() on itie WhMt. ///, 
Sunimei-spani (xiO, md Wmleripoiei (0 on the Wheal. 

appearance is shown in fig. 47, /. On the left hand side 
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of this figure (X — X) the normal, healthy condition of the 
leaf is shown, with its upper and lower epidermis, the 
palisade and spongy tissues; but on the right, a serious 
disturbance is noticed in the spongy tissues, whose cells 
have increased both in size and number. The most 
conspicuous objects in the section are the large open 
cups (fig. 47, la) with numerous small spherical cells 
escaping from their mouths. These cups are known as 
"cluster-cups" or cecidia, and the spores developed in 
them may be conveniently termed " spring-spores " {cscidio- 
spores). Between the cells of the spongy tissue, numerous 
fungus hyphse are found closely felted together. 

We must leave the account of the entrance of the fungus 
into this leaf until its connection with the Wheat has been 
fully dealt with. The spring-spores emitted from the 
oecidia are unicellular, spherical, or polygonal, and strange 
to say, have not the power of infecting the Barberry, but 
find a suitable home on the Wheat. 

For a long time the belief was entertained that Barberry 
bushes were inimical to the Wheat, as Rust was found to 
be much more plentiful on Wheat which grew in the 
neighbourhood of the bushes having orange spots on their 
leaves ; and although no active measures were taken in this 
country to uproot the Barberry, in the State of Massachusetts 
the " Barberry law " was enacted, compelling every farmer 
to destroy the Barberries, and inflicting penalties for non- 
compliance with the law. Opinions on this point were 
by no means unanimous, some maintaining that there was 
a connection between the yellow spots on the Barberry 
and the Rust on the Wheat, whilst by many this was re- 
garded as a mere superstition. It was not till about 1864 
that Prof. De Bary cleared up the mystery. 
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The spring-spores are found to germinate readily on the 
leaves of Wheat, emitting a small germinal tube, which 
enters the Wheat leaf through one of the numerous stoma. 
It then branches freely between the leaf cells, destroying 
them and absorbing their contents. The first outward 
sign of the disease is the appearance of a small, yellow 
spot which gradually increases and assumes a rusty 
colour, as the hyphse extend their ramifications. Soon 






Fig- 48 [from Ward), 

Summer-spores of Puccinia graminis ^germinating. 0, by €■, Successive stages in 

the formation of the germ-tube. 

a compact mass of these hyphae is formed beneath 
the epidermis, and at their free ends a number of 
spores are formed, which are set free by the rupture 
of the epidermis, and are succeeded by others as 
soon as they are detached. These spores {Uredo-spores) 
(fig. 47, IIT) are ovoid and of a yellow colour ; they are 
produced in large numbers on the leaves of Wheat during 
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the summer, . and may fitly be termed " Summer-spores." 
They germinate on the Wheat. Germinal tubes (fig. 
48) are protruded, which enter a Wheat leaf through 
a stoma, with the same result as already described. In 
this way the Rust is quickly spread from one Wheat plant 
to another. But towards autumn, when the Wheat is 
about to be cut, another kind of spore makes its 
appearance, — the "Winter-spore" (fig. 47, //), often known 
as Teleuto-spore, These winter-spores are developed at 
the same spots and from the same mycelium as the 
summer-spores, but are easily distinguished from them 
by being united in pairs (fig. 47, 12) and by their much 
darker colour and thicker walls. These spores, produced 
at the end of the year, must rest through the winter, and 
the thicker cell-wall serves as a means of protection during 
this period. At the return of spring the Barberry puts 
forth its new leaves, and the winter-spores in the Wheat 
about the same time commence to germinate. This 
process consists in the emission of a hypha (fig. 49, a) — 
often termed 2l promycelium — ^which, unlike the other cases 
considered, has not the power of entering a plant; but 
on it are borne a number of small spores — sporidia — 
which, if placed on a Barberry leaf, secrete a ferment 
(acting on the cellulose), and are by this means enabled 
to pierce the outer wall of the epidermal cells. The 
fungus in the Barberry leaf now attacks the cells, spreading 
on all sides ; soon the characteristic yellow spots appear, 
and, a little later, the cluster-cups and the spring-spores. 
The latter, blown in all directions, carry the disease to 
any Wheat plant they may chance to find, and the disease 
is rapidly disseminated. 

In estimating the extent of the damage done by Rust of 
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Wheat, we must consider the various points of attack. 
The injury is of a two-fold character — first, as affecting the 
leaves ; and secondly, the straw. 

In the leaves, the cells containing chlorophyll are 
attacked, destroyed, and any products in them absorbed. 





Fig. 49 [from Ward). 

Germination of the Winter-spore of Puccinia graminis. In the left-hand figure 
each cell has developed a promycelium (a) ; in the figure on the right the lower cell 
only has germinated, its promycelium producing sporidia («). 

With the death of each chlorophyll-bearing cell, the plant 
loses a manufacturing element, and when nearly all the cells 
of a leaf are destroyed, the plant suffers considerably, 
through a diminution of the supplies which were intended 
to be utilized in furthering the development of new 
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members, or to be stored up as reserve material in the 
grain. 

In the straw, too, the same destruction of manufacturing 
cells takes place, and the supplies on their way to the grain 
may be diverted and appropriated by the fungus. 

Fortunately, the winter - spores have no poisonous 
qualities, and their presence in chaff is of little consequence; 
the injurious effect of the fungus, therefore, is chiefly felt in 
the inferiority of the grain. 

Ergot. — In the autumn the Cereals and very many 
Grasses, such as Rye-grass, Fescues, &c., may be found with 
purple bodies projecting from the spikelets. These purple 
bodies — Ergots — ^are a little thicker than the natural grains, 
and vary in length from about ^ an inch to nearly twice 
that length. They are found, on microscopical examination, 
to be a number of hyphse felted together into a hard mass, 
the outer hyphae being coloured and affording protection 
to the inner, more delicate, white ones, which contain a 
large supply of reserve material. These hyphge belong to 
a fungus known as Claviceps purpurea^ and the ergots are 
merely a special resting condition of this fungus adapted 
for passing the winter. Such collections of hyphae, 
forming a hard body capable of hibernation, are not 
uncommon, and are generally designated Sclerotia, 

The ergot is a very convenient starting point from which 
to trace the life-history of the fungus. 

After remaining quiescent through the winter, the ergot 
commences its germination by the formation of several 
small "heads," which soon grow into short, thick stalks (fig. 
50, ct)y with spherical nobs on their summits {stroma) (D). 
From a section of one of these nobs {£) we learn that it 
is a mass of hyphae, with numerous cavities — ^termed 
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perithtda — arranged round its circumference, each of which 
opens by a minute aperture (fp) into the air. When 
subjected to greater magnification, each perithecium is seen 
to contain a number of long, club-shaped cells, which are 
named asci. In each ascus, eight long spores (sp) {asco- 
spores) are produced by the division of the contents of the 
ascus. The spores are liberated during the early part of 
the summer, at 
the time when 
Grasses are in 
flower. As they 
are easily scat- 
tered in the air, > 
some few will 
certainly fall on 
Grass flowers, 
and their 
peculiar, elon- 
gated shape 
seems eminently 
adapted to en- 
able them to 

penetrate be- Fig. tfi{fnmKTaffl, after Tutaine\ 

l-iijMintlisiiariiMio ''■ GernUnition of Klerotium 1 £, lection of uroma with 

tweentnevanouSp^^;^,^. jr^ j«tioa or p«ith«imii with i«i ; c, ««* 
parts of one of ■'"" """p"™ '">■ 

the Sowers and lodge at the base of the pistil. A germinal 
tube is then protruded, which enters the tissues just below 
the ovary. After a short time, numerous colourless hyphae — 
the sphacelia — emei^e just beneath the ovaiy, and com- 
mence to bud off conidia from their extremities (fig. 5 1 J'). 
These conidia, when carried to other flowers, are also able 
to infect them. They are chiefly transported by insects, 



i«6 AGRICULTURAL BOTANY. 

which are tempted to visit these infected flowers to procure 

a sweet fluid secreted in them. The conidia become 

entangled on the legs and probosces of the insects, and are 

thus carried from 

flower to Sower, 

At the dose of 
summer, when the 
grain should be 
ripening and special 
supplies are trans- 
mitted to it, these 
are appropriated by 
the fungus and em- 
ployed in the forma- 
tion of the ergot. 
The eigot is formed 
just beneath the 
sphacelia, which re- 
mains above with the 
withered pistil (p) at 
the top of all. 

The ergots are 
endowed with such 

poisonous qualities 
Fig. SI (from Kraft, after Tuiamt). »i. .. i. -.v i_ 

E,^ tc^^i/.^.^'LC V «d E, gr.in. of that when, either by 
fhr.'?£S^rVrLi,;'i'.SS:;^,rr!7"h^U accident or in times 
from which ihecopidi>(j()ortRb.irU:i«L qJ scarcity and 

famine, they are mixed with sound grain for human food, 
the consequences are most serious, and appalling disease is 
produced. It is generally supposed also that the ergots 
eaten by stoclt have a very injurious effect upon them, but 
doubts of this have lately been entertained. 
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Smut. — Perhaps one of the most conspicuous of plant 
diseases is that commonly known as "Smut," a name which 
fitly describes the condition of an infected ear of Barley or 
Oats, the grain having all the appearance of a mere miass of 
black powder. This black powder is simply the spores of 
a fungus known as Ustilago segetum. The spores are set 
free from the plants attacked just before the corn is ripe, 
they are exceMingly minute (25,000,000 to a square inch), 
and are very easily distributed. The spores themselves are 
incapable of infecting other plants, but on germination 
(which takes place readily in water or on a moist sub- 
stratum), they emit a small germinal tube which divides 
into one or two cells by means of transverse partitions, and 
from it a few spherical cells — sporidia — are budded. These 
sporidia, by protruding a fine germinal tube, may efiect an 
entrance into very young plants, but it is only just when 
the grain has germinated and before the first leaf has 
appeared above ground, and while therefore the epidermal 
cells are very tender and unthickened, that the germinal 
tube is able to bore through the external tissues. 

Should the spores be introduced into a nutritive solution, 
such as might be found in a manure heap, their germina- 
tion proceeds in a somewhat different manner to that 
already described in water. In this case the spore first 
gives rise to the germinal tube and sporidia as before, but 
afterwards the sporidia bud and produce cells known as 
conidia ; these bud again and again, until in a short time 
the whole manure heap becomes infested with them. 
Manure may thus be the means of introducing millions 
upon millions of these conidia into the soil, where they may 
find the opportunity of infecting the young germinating 
plants. The safety of the crops lies in the fact that they 
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are only vulnerable in one point, just where the first leaf 
springs from the stem, and then only for a short time, the 
cell-walls very soon becoming too hard to be penetrated by 
the germinal tubes. The fungus, once inside, grows and 
keeps pace with the growth of its host, without, however, 
causing any serious disturbance of its tissues, and its 
presence may be altogether unsuspected until the time 
of flowering, when the fungus, taking possession of the 
supplies intended for the ripening grain, utilizes them for 
the production of its spores, and the full mischief becomes 
apparent. This disease, it is well known, may be checked 
by steeping the grains in a solution of copper-sulphate, this 
solution killing the spores, whilst it is harmless to the hard, 
tough testa of the grain, unless the immersion be too 
prolonged. 

Our space only permits, us to study the life-histories of 
a few important disease-causing fungi. The consideration 
of some of these, however, notably "Finger and Toe" 
and " Potato Disease," has been sufficient to enable us to 
thoroughly grasp the nature of fungi, their methods of 
attack and their disastrous effect on the plants. These 
forms may be regarded as typical of other parasitical fungi, 
such as — various species of Pythium^ which attacks 
seedlings just emerging from the ground, and causes the 
phenomenon of "Damping off"; Exoascus pruni^ which 
attacks Plums, and is the cause of "Pocket Plums"; 
Podosphxra castagnei^ which is the mildew of Hop ; and 
Tilletia carries^ the Bunt of Wheat — to these we need 
only thus briefly refer. 
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GRASSES. 



In any work on economic botany the Grasses must always 
have great prominence, constituting as they do perhaps the 
most useful family of plants into which the vegetable king- 
dom is divided. They are very widely distributed, flourish 
in almost every climate, and have been cultivated from such 
early times that the origin of some of the cereals is quite 
lost in obscurity. Providing the staple food of many races 
of men, and supplying various other requirements, the 
Grasses are necessarily of the utmost importance in agricul- 
ture. Roughly speaking, for our present purpose they 
may be classed as those which provide grain — the Cereals ; 
and those useful as hay or fodder — the pasture Grasses. 

In treating this important family it will be convenient to 
study the members of the plants separately, and then to 
consider in detail a few of the more useful kinds. 

Boot. — Roots in general have been fully dealt with in 
Chapter III., and only a few points of special importance 
to the family of Grasses remain to be considered. 

The root-system of anyone of the Grasses, when pulled 
up, will be found to consist of a number of fibre-like roots, 
which are of nearly equal diameter throughout their whole 
length, and hence are described as fibrous^ — in other words, 
these roots have no power of increasing* in thickness. 
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Their diameter will be found to vary from ^ to y^th of an 
inch. 

It is a matter of no little difficulty to extract the entire 
root-system of any plant from the ground, and it can only 
be done by most carefully washing away the numerous 
particles of soil. In digging or pulling up a plant, a very 
poor idea of the mass of roots is obtained, so many, 
especially of the smaller ones, being broken off or destroyed. 
To obtain a fairly accurate conception of the length, distri- 
bution, or depth of the root system, plants have been 
grown in special boxes or pots, and the soil removed by 
washing; trenches have also been dug in the ground 
6 or 7 feet deep, and the earth washed away from the 
roots. 

By these methods the roots may be exposed, and the 
depth to which they penetrate measured. Thus Schubart 
traced the roots of a plant of Winter Wheat as deep as 7 
feet, though the average depth of our cereals appears to 
be about 4 feet. According to Fraas, however, the roots 
of the Wheat never penetrate deeper than 18-24 inches. 
Treated in the manner described, the root-system is found 
to be composed of several roots springing directly from the 
base of the stem, these spread on all sides, and give off 
numerous offshoots, which in their turn branch again and 
again until the ground is penetrated in all directions. The 
various roots, if separated, and placed end to end, would 
stretch for a very considerable distance. In the case of 
the Oat and Barley, this length has been measured, by 
Hellriegel, and estimated to be in the former case about 
150 feet, and in the latter about 132. Nobbe has found 
the length of the Wheat roots to be 568 yards. These 
figures convey some idea of the extensive area from which 
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any one of these plants may draw its supplies, stretching 
out in every direction far and wide in search of food. 

The proportion which the root-system bears to the 
whole plant will vary with its age. We have seen that the 
root is the first member to emerge, and for a time its 
further devolopment keeps ahead of that of the stem and 
leaves, and so at the end of April, the root-system of a 
plant of Winter Wheat has been found to be nearly one 
half of the dry weight of thfe entire plant ; but a month 
later, when the growth of the stem and leaves has pro- 
gressed, this proportion is reduced to about 20 per cent. 

It is only in the perennial Grasses that the root can be 
employed as a reservoir ; and without being specially modi- 
fied for this purpose, its cells in these cases contain a large 
amount of reserve material. 

Stem. — The special points to be considered in connec- 
tion with the Grass stem are laying and tillering. 

Tillering is merely the production of several stems from 
one seedling, and consists therefore in the branching of 
the primary axis. 

A Grass seed, on germination, produces the primary stem 
bearing a few leaves, and it is while the nodes at which 
they are produced are separated from each other by very 
short internodes that branching takes place. In the Grass, 
as in other plants, branches always arise in the axils of, 
leaves ; but in this group of plants, it is in connection with 
the lowest leaves only that branches are produced, and 
consequently the lateral branches spring from the main 
stem quite close to the ground. Their number can never 
be very large, generally two or three, but from these 
secondary branches, others are produced which may again 
branch and rebranch, so that from one seed a tuft of 
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several stems may be produced. Tillering is often pro- 
moted when the main axis is destroyed; this property 
being of great advantage in pasture Grasses, for the grass 
when eaten down is able to produce new stems ; it is also 
of importance in the cereals, for by this means several ears 
— ^in the case of Wheat sometimes as many as fifty or 
sixty — may be developed from one grain. 

Laying. — After heavy storms a cornfield is not un- 
frequently seen with the crop in a great measure lying 
prostrate. This especially happens when the ears are 
well developed, and the plant has thus a tendency to 
be top-heavy. The " Laying " is due to the stem being 
of insufficient strength to resist the extra pressure of wind 
and rain. The reason of this want of strength must now 
demand our attention. 

The analysis of a Grass shows a large quantity oi silica, 
which gives great hardness and firmness to the cell-walls, 
and by some, it has been thought that the weakness of the 
stem was due to an insufficient supply of silica, and 
consequently to an imperfect development of the walls of 
the mechanical cells. The absence of silica, however, 
is not the cause of the weakness, for we have already 
seen (p. 120) that these plants grow equally well whether 
silica be present or not ; and furthermore, the greater 
part of the silica in a Grass is found not in the stems, 
but in the leaves. Another theory advanced to account 
for laying is, that the presence of a too abundant supply 
of nitrogenous manures causes a multiplication of cells, 
and an imperfect development of their cell-walls. But 
neither is this the true explanation, for it is not found 
that plants growing on manure heaps are more prone 
to be " laid " than those in the fields. The real cause 
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of laying is the circumstance of the stem being insufficiently 
illuminated, especially in the lower internodes. It is a 
well-known fact that the stems and leaves of plants 
grown in the shade are longer and weaker than those 
fully exposed to the light, this greater length being caused 
by the increased size of the individual cells, the want of 
strength being due to the imperfect development of the 
cell-walls. In considering the structure of a Grass stem, 
it was explained that the necessary support is afforded 
by a cylinder of cells with thick hard walls just beneath 
the epidermis, by the strengthening cells surrounding the 
fibro-vascular bundles, and by the thickenings at the nodes. 
By a series of very careful experiments conducted on 
Rye, by shading the stems before they were fully grown, Dr 
L. Koch has shown that these stems suffer exactly in 
the manner just described. It was found that in the 
shaded plants the internodes were longer, and the 
strengthening cells less perfectly developed than those 
grown fully exposed to light. This will be at once re- 
cognised by a glance at fig. 52. ^ is a section from 
the internode of a plant grown in the open, the cell- 
walls are seen to be thick and hard ; B is from a shaded 
internode, and the cells are larger, their walls thinner 
and softer. The shaded internodes too are longer than 
those growing freely, and to support them would require 
a greater and not a less development of thick walled 
tissue. 

A comparison of "laid" plants with those whose 
stems were artificially shaded showed an exact correspond- 
ence, the laid plants presenting the same want of develop- 
ment as the artificially shaded ones. Clearly, therefore, 
insufficient illumination is the true cause of laying. 
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This want of light may be brought about in various 
ways, chiefly by growing the plants too close together, 



Fig. sa (Z™. r,B«. aftir Koch). 

A, ImuverK ucUoo of an iDtamodc of R)'e (JVco/t uriab} erown fully ciposed 

to lighl : B, HmiUr scciIdd Inm n ihidcd inKrnadc, a, epidenms : t, glnDlllKning 

in which positions the amount of light penetrating the 
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leaves would be insufficient for the proper development 
of the stem. 

Leaf. — One of the most distinctive features of a Grass, 
and one by which a member of this family can at once 
be recognised, is the leaf, the two parts of which — the 
blade, and the sheath, — can be easily distinguished. 

The Sheath (fig. 
53), which is very 
characteristic of the 
Grasses, is merely a 
flattened petiole, 
which clasps round 
the stem for nearly 
the whole length of 
its internode, and 
thus affords it sup- 
port. The edges of 
the sheath meet on 
the side opposite the 
blade, but never be- 
come joined together. 
The terminal sheath 
encloses and protects 
the inflorescence 
(fig. 46). 

The Blade is, in 
the majority of Grasses, very much longer than 
broad (fig. 53), and as a consequence, has its fibro- 
vascular bundles running parallel to each other, from 
one end of the leaf to the other, united, however, 
here and there by cross connections. The epidermal 
cells, too, have their longer axes parallel to the length 




Fig. 53 {from Figuier), 

Leaf of Millet {Milium multijlorum) showing 
blade, ligule (/), and split sheath. 
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of the blade, and the stoma (fig. 12) are also arranged 
in parallel rows, with the slits in the direction of the 
length of the blade. 

The Ligule, — At the junction of the blade and sheath a 
small outgrowth (fig. 53, /) is found in the leaves of all 
Grasses, known as the Hgule. The shape of the ligule 
varies very much in the different Grasses: it is on this 
account employed as a means to help in distinguishing 
one Grass from another. The ligule perhaps is a con- 
tinuation of the sheath, and by clasping the stem assists 
the sheath in supporting the blade. 

Inflorescence. — On the summit of the Grass stem is 
found the inflorescence, or collection of flowers, often 
termed the "ear." The individual flowers are wind- 
fertilised, and so are inconspicuous, and devoid of any 
showy parts. Each flower has protecting scales, which 
in some Grasses — e.g. Wheat, — form the chaff; and they 
are arranged in groups of one or a few flowers, which 
are termed spikekts. 

A good example of an inflorescence is afforded by the 
Oat (flg. 54). In this Grass there is a central axis, bearing 
numerous branches, which in their turn branch again. 
The spikelets (fig. 58), each with two flowers, are borne 
on these branches. An inflorescence like that of the 
Oat is termed a panicle ; other examples of panicles are 
afforded by the Quaking-grass (fig. 70), the Sheep's Fescue 
(fig. 64), the Yorkshire-fog (fig. 78). The Wheat is an 
example of an inflorescence in which the spikelets (fig. 58) 
have no stalks, and are thus borne directly upon the 
central axis, which is often toothed or notched to fit 
the spikelets, as in this instance. The spikelets are 
arranged in two or more rows upon the axis. Such an 
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inflorescence in the Grasses is termed an "ear" or spike: 
other examples are found in Rye-grass (fig. 86), and in the 
Barley. 

Tha Spikelet of 
the Grass demands 
very careful atten- 
tion, and on ac- 
count of the 
minute size of 
many of them, 
their study is very 
difficult But in 
the lai^er ones, 
such as the Oat 
or Wheat, the 
various parts can 
be made out with 
comparative ease. 

If a spikelet of 
theWheat(fig. 55) 
be removed, and 
its parts separated 
by a pair of 
needles, there will 
be found on the 
outside two boat- 
like scales en- 
closing another pig. 54 (;7™ i. M^l and DecaOni). 
structure of simdar Puicie of ou Mmu ainm.) 
nature. These outer scales are known as glumes 
(fig. 56, ^), they are modified leaves. After removing 
the two glumes, the next structures are the pales {b, b). 
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very similar lo the glumes, but provided with a stiff 
bristle — the awn (^) — the pales are also modified 
leaves. Each pale will be found to enclose a smaller and 
more delicate pale' (fs) without an awn. On removal of 
the pales, the slamens and twary (fig. 57) will be exposed, 
but between the pales and the stamens two minute, 
delicate sc3.\es—/oJia/!es <iy) — may be seen. The lodi- 
cules are in most Grasses very hard lo find. 



T\s. Ss(aftir Lt MoBut Fig. sS {/rom Pmntl). 

ana Dieaimt). ^ Spikete of Whcil diiMcced ; j 



Spikete 

■nibui ; /. muy. 



Spilulcl of Whui ITritiaim i^dci : e^ glumo; f ,, i,, ouier palu 

laiivuiK'), gr, nwn ; B, B,, flowtrs diiplaced froi 

the uili of the outer paid ; fi, inai 



Though only differing slightly from the Wheat, the 
spikelet of the Oat (fig. 58) deserves a little attention : it 
contains two fertile flowers. 'Jhe glumes (G) are large, 
and enclose the two flowers. One of the flowers with its 
outer pale (Fe) provided with the awn {A), and inner 
pale {PC), is shown expanded in the ^re, .^5, being the 
second flower. By removing the oater pale, the flower 
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with its ovary, stamens, and lodicules, may be exposed — 
in fig. 59 it is seen enclosed by the inner pale. 

The spikelet of the Wheat will be found to contain two 
or three perfect flowers, with some barren ones (fig. 56, ^3, 
^4), arranged on opposite sides of a central axis (x). A great 
deal of discussion has taken place with reference to the 
various parts of the flower, but we may consider the 
glumes as a pair of modified leaves which enclose and 
protect all the flowers of the spikelet. The number of 





Fig- 57 (A<ww ^ 

Maout and Decaisne), 

Flower of Wheat 
(.Trituum saHvum), 
sq.^ lodicules. 



Fig. 58 {from Lt Maout and Decaisne). 

Expanded spikelet of Oat {Avena satfva). 
Gt glumes ; /*.«., outer pale ; Ai.t inner pale ; 
At awn ; F.S.^ second flower. 



pales varies very much in the spikelets of the diflerent 
Grasses, but there is always a pair of these structures to 
every perfect flower, which they enclose and protect. 
The outer pale is borne on the same axis as the glumes, 
and from its axil a minute shoot (in fig. 56 this is repre- 
sented by a dotted line) is produced, on which the inne- 
pale and flower are borne. The outer pale then is the 
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leaf, in whose axil the flower is borne, and which in the 
usual botanical nomenclature would be termed a bract, 
and the inner pale a bracteole. The lodicules are r^prded 
as the rudiments of a perianth, once possessed by the 
ancestral forms of these flowers, but which has now 
become much reduced and functionless as its flowers 
have become adapted for wind-fertilisation. The stamens 
are three in number (in the Rice and Bamboo six), with 
long filaments, and anthers containing a large 
amount of pollen. The ovary consists of two 
carpels, the presence of which is shown by the 
two feathery stigmas (fig, 57) ; it however con- 
tains only one ovule, and therefore each Grass 
flower requires only one pollen grain to fertilise 
it, and can produce only one seed. The ovule 
ripens into a seed which contains a large 
quantity of endosperm, — the position of the 
embryo being outside the endospenn, and on 
one side of the grain, near the base (page 103). 
In the Grasses the walls of the carpel 
(pericarp) never separate naturally from the 
uMaoutand Seed, and hence a grain of Wheat, for example, 
FUwerrf Omt surroundcd by its pericarp, is botanically speak- 
(Avt*m lain^) jng 3 fuiit, and not a seed. 
v^ When the fruit is shed it frequently happens 

that the pales are detached at the same time, and remain 
more or less firmly adhering to it. In many Grasses — Barley 
for instance — so close is this adhesion that some difficulty is 
experienced in effecting a separation. In the one-flowered 
spikelets, the whole spikelet may be shed with the fruit, 
so that what are often described as seeds are really fruits, 
enclosed by the pales and glumes (figs. 79 and Si). 
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The Grasses in the British flora number forty-six genera, 
but only twenty of these need be considered in this 
work, the remainder being rarely met with, or possessing 
few points of interest to the agriculturist. 

The characteristics which separate one Grass from 
another are found in its various members, sometimes in 
the leaves, sometimes in the ligule or in the various parts 
of the spikelet, the difficulty in determining often being 
due to the minuteness of these structures and to the very 
slight degree of difference which exists between some of 
them. 

Many Grasses present such striking features as to be 
recognised at a glance, and these are not easily confounded 
with others, but in some cases the distinctions are not so 
obvious, and it then becomes a matter of some difficulty 
to exactly determine the species. 

Determination of Grasses.* — For this purpose it is con- 
venient to divide the Grasses into two sections : — 

Section I. in which the spikelets are stalked, and 

GENERALLY ARRANGED IN AN OPEN PANICLE, THOUGH 
SOMETIMES IN A CYLINDRICAL SPIKE. 

This section may be divided into three groups: — A^ 
in which the spikelets have two or more perfect flowers ; 
B^ in which there is one perfect flower and a rudimentary 
one ; and C, in which the entire spikelet consists of one 
flower with its two glumes and two pales. 

A, Spikelets with two or more perfect flowers. 

The awns must now be examined. The first five genera 

 Adapted from W. R. Hayward's "Botanist's Pocket-Book" 
(Messrs Bell & Sons). 
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have awns, while in the remaining four this structure is 
absent 

/, Flowers owned. 
The first three genera are distinguished by having the 
lower pale forked at the summit, while in the remainii^ 
two the lower pale terminates in a single point 

a. Lower paie forked. 
AIRA, distinguished by its bent awn, and the glumes 
equalling the lower flower. 6 species. 

A, caspitosa (fig. 60) is a common grass, 

forming large tufts of dark green, coarse 

leaves, raised somewhat above the level of 

the ground, from which arise long slender 

steins, bearing beautifully branched panicles. 

The tufts are popularly known as " Has- 

Fig. 60. socks," " Bull's faces," " Rough cap." The 

wdi^iV^e^'- "^^^<is" of .^. i:«j;^»Vwa are used to adulterate 

'"">■ other grass " seeds." 

AVENA, awn twisted ; glumes as long as the lower 
flower. 5 species, 

Avena. This genus comprises the various kinds of Oats, 
and 5 species of British grasses. 

A. sativa is the common Oat (fig. 54), of which there 
are four varieties, distinguished by the number of spikelets, 
the colour of the glumes and pales, and the length of 
the corn, 

A. orienialis — the Tartarian Oat — is recognised by the 
spikelets being all arranged on one side. 

A. nuda is known by the fruit not adhering to the 
pales. 
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A. ^avescetts — the Yellow Oat-grass (f^. 61) common in 
fields, is recognised by its obtuse l^ule, and hairy stem 
and leaves. At the time of flowering its panicle Is widely 
spread on all sides. It is a valuable grass, from 1-3 feet 
high ; flowers in June or July, and 
ripens its grain in August. 

A. /flftM — Wild Oat — is a 
troublesome weed in corn-fields. 
Spikelets with three flowers ; 2-3 
feet high, 

A. pratensis — Narrowed-leaved 
Oat — has three to sU flowers in 
the spikelets; found in dry pas- 
tures ; 12-18 inches high. 

BROMUS — Brome - grass — 
Awn straight; glumes shorter 
than the lower ^ret. 10 species. 
Generally considered to be weeds. 
The " seeds " of B. mollis, and B. 
secalinus, are often found among 
other grass " seeds." 




/ 



b. Lower pale entire. 

DACTYLIS. Spikelets crowded; nearly all turned to- 
wards one side ,■ fruit free from pale, i species. 

Dactylis glomerata — Cock's-foot (figs. 62 and 63), so 
named from the fancied resemblance of the inflorescence to 
a cock's foot. It is a lai^e and coarse-looking grass, found 
growing in nearly all situations, and is said to be among 
the most valuable of all the Grasses. Leaves broad; 
ligule well developed ; i-a ft. 
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FESTUCA — Fescue — SpikeUis mostly in a one-sided 
panick ; fruit adhering to the pale, 7 spedes. 

The Fescues may be divided into the narrow and the 
broad leaved. 
itarrow leaves. 

F. ovina — Sheep's Fescue — (figs. 64 and 65) forms tufts 
of very fine leaves. Four 
varieties are known of this 
grass. 

{a) F. duriuscula — Hard 
Fescue — (fig. 66). 
Stem erect, 1-2 feet 
h^h, not so much 
tufted as F. ovina. 
Valuable in sheep 
. pastures. 

; {b) F. tenui/olia. 
f Leaves very 
slender. Valuable 
' in sheep pastures. . 

(!) F. rubra. \ 

Stem creeping; 
lower leaf sheaths -s*^- <a 
of a dull red. f^^i^/^ii; 

(rf) F. hetero- '^"S- 
pkylla. Leaves various, the upper ones flat and the lower 
folded. 
broad leaves. 

F.pratettsis — Meadow Fescue(fig. 67). Atallgrass(i-zft.) 
with panicle drooping to one side. A very valuable grass. 

F. loliacea — Spike Fescue — is a variety of F prafensis, 
with spikelets having no stalks, and destitute of an awn. 



K elatior — Tall Fescue — grows much higher than F. 
pratensis, which it very much resembles, but is coarser 
lookii^, and has spreading panicles. 



ng. 66. 

"Seed' ( 
Hud Fe«D 



//. Florets without awns. 



Fig. 6s. 



Sheep'i 



CYNOSURUS. Spikekts with very short stalk, spring- 
ing from the axil of a scale leaf nearly as large as the 
spihelet, having deeply cut edges. 2 species. 
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C. erista/us — Crested Dog's-tail — (figs. 68 and 69), a 
very common grass in pasture, and easily recognised by its 
inflorescence. It is much more valuable as a pasture 
grass than for hay. The leaves are slender — the stems 
are hard and wiry after flowering, and are left untouched 
by stock; they remain for a long time before decaying. 
1-2 feet. 



i 



Fig. 68 {from Filtk and 

Smilh). 

Crened Doc't-tail iCjnunna 

cHtta/Mi). 

BRIZA. Glumes boat shaped, obtuse ; fruit adhering to 
pales. 2 species. 

B. media — Quaking-gniss^-{fig. 70), a common grass 
in many meadows and roadsides — generally considered to 
be worthless. 

POA — Meadow - grass. Glutnes unequal, a£ute ; the 
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outer pate compressed, with 3-5 parallel veins ; panicle 
spreading, 7 species. 

P. annua is best known as a very common weed found 
universally in flower beds, gravel walks, and waste places. 
.2-IO inches. 

P- pratensis (figs. 71 and 72) — Smooth Meadow-grass, 



» 



WoodMadow 
grati IPti. 
ntmoraiit). 





Fig. 71 {from Fitch and Smilh). 



recc^ised by its roots keeping near to the surface. By 
some authorities it is considered to be a weed, 1-2 feet, 

P. nenioralis (fig. 73) — Wood Meadow-grass, found 
growing in shady places. Valuable on account of its early 
growth. 1-3 feet. 
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P. frivialis (fig, 74^— Roi^h-stalked Meadow^irass, 
rect^tsed by its rough stem and leaves. 1-2 feet 

The " seeds " of the Poas have all a fine tuft of hairs at 
their base, which prevents their being easily distinguished 
one from the other. 

GLYCERIA — Water Meadow-grass — is distinguished 
from Poa chiefly by its obtuse glumes. 2 species. 

G.fluitata and G. aquatica are found growing near the 



I 



Fig. 76. 
" Seed " oT Swee(4«nud 
Vemi] • fna {Antkti- 
eoBratttm}. ttnlhum odoratatm^ 

water's edge in ponds, ditches, and streams. They are 
valuable grasses in wet lands and fenny districts. 

S. Spikelets with one perfect flower, and one or more 
rudimentary or barren ones. 
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This class is divided into two sections, the first of which 
has only one genus and is characterised by the spikelets 
being crowded together to resemble a spike ; the second 
has open panicles. 

a. pikelets in an interrupted, spike-like panicle. 

ANTHOXANTHUM. Stamens 2 ; 
glumes unequal, i species. 

A. odoratum — Sweet-scented Vemal- 
grass (figs. 75 and 76). A common 
grass in meadows and pastures, remark- 
able for the early appearance of its 
flowers, which continue to bloom until 
late in the autumn. It is also noted 
for its sweet scent, and gives the 
characteristic odour to new-mown hay. 
It tillers freely and grows in tufts. 1-2 
feet. 

A. puelii (fig. 77) is an annual 
species, found plentifully in Germany ; 
it is quite worthless, but its "seeds" 
are often sold as those of A. „^ ^''^;^',. „ 

, "Seed of Puali Ver. 

odoratUVt. i»l-|rui l^atkexiuakMm 

b. Spikelets in an open panicle. 

HOLCUS. Upper fiower with stamens only, owned; 
lower perfect, unawned. 2 species. 

H.lanatus — Yorkshire-fog — (figs. 78 and 79) is a common 
grass from 12-18 inches high, sometimes known as "Soft 
grass," from the softness of its stems and leaves, and from 
the hairs which are distributed over the whole surface. It 
has a bitter taste, which is disliked by stock. Yorkshire- 
fog, though very common, is of little value, and must be 



) 
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regarded as a weed, since it occupies space which would be 

more profitably filled by other grasses. 

H. mollis very closely resembles H. ianatus, but it is only 
hairy at the nodes, and 
has a creeping habit ^ 
the awn also is rough 
throughout, and is not 
concealed. It occurs in 
meadows and road-sides, 
and lilie ff. Ianatus is a 
weed. 

ARRHENATHE- 
RUM. Upper flmver per- 
fect, with shorty straight 
awn; lower barren with 
long awn. i species. 

A, avenaceum — False 
Oat^irass — is a tall grass 
(2-3 feet) common in 



York.hite-fog (ffaiwi .(aiM(«). IHiilctts lanatut'i 

hedge-rows and in arable land. The lower inter- 
nodes are often so much swollen as to resemble small 
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onions joined together, hence it is often called " Onion- 
twitch." In arable lands it is a weed, but is thought to 
possess qualities of 
value to the agricul- 
turist. 

C. Spikelets with 
one perfect flower, 
and no mdimentar}' or 
barren ones. 

Divided into two 
sections ; the first. 



Fig. Bi. 

"Seed" of Mudow Fm-toll 

^AlaftcurlH /raUntiit. 

with two genera, has dense, cylindrical spikes ; the second 
has spikelets in a lax panicle. 
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a. pikelets tn a dense ^lindrual spike. 

ALOPECURUS. Paie owned. 6 species. 
A.pratemis — Meadow Fox-tail (f^s. 80 and 81) — an early 
grass well able to endure cold. It is one of the most valuable 
of all the Glasses, producing a lai^e quantity of herbage in 
the early spring. The spiltelets are of a silvery grey colour 
and borne on short stalks, the in- 
florescence being a spike about twice 
as long as it is broad and bluntly 
pointed 1-2 feet. 

A. agrestis — Black-grass — (fig. 82), 
a most troublesome weed, distin- 
guished from A. pratensis by its 
longer and more slender spike, by 
its rough stem and longer awn. 1-2 
feet. 

A, geniculatus — Floating Meadow- 
grass — is a common creeping grass 
found by the water-side or in damp 
situations. Its stem is bent at the 
nodes. It is of little or no agricul- 
tural value. 6-1 2 inches. 

PHLEUM. Pale unowned. 4 
species. 

P. protense — Cat's-tail— (figs. S3 and 84), a large grass 
about 2-3 feet high. It somewhat resembles Fos-tail, but is 
easily distinguished from the latter by its coarser appear- 
ance, and its very much longer spike, without awn. The 
Fox-tail flowers much earlier than the Cat's-tail, the latter 
flowering about July. This grass is also known as 
"Timothy" and was so-called after T. Hanson, who 



^ 



Fig. B2. 
" Seed " of Black-gnu 
( Altf€ainu agratiii. 
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introduced its cultivation about the middle of last 
century. 

b. Spikekts in a lax fanick. 

AGROSTIS. Glumes unequal, the upper being the 
smaller ; outer pale 
unowned, 

A. vulgaris — Bent- 
grass — (fig. 8s), a 
small plant about 
12-18 inches high, 
with spreading panicle 
and short, truncate 
ligule. Very common 
in pastures and in 
arable land, in which 
latter situation it is 
sometimes mistaken for 
Couch^ass. It pos- 
sesses little or no 
value. 

A. alba — Marsh 
Bent — is a much larger 
grass (from 1-2 feet). 



# 



Fig. B+. 
■'S«d"ofC«Vtai1 

The panicle becomes compact after flowering ; ligule long 
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and pointed. The variety A. alba stolonifera — Fiorin — 
recognised by its long, prostrate stems, is a late grass and 
affords pasture late in the year. 1-2 feet. 

Section IL The spikelets are without stalks 
and attached to a toothed or jointed main 
axis forming a true spike. 

In this section we need only consider four genera. 

TRITICUM. Spikelets solitary^ broadside to the main 

axis ; many -flowered ; 
glumes equal. 

Triticum. This genus 
comprises the various 
kinds of Wheat and a 
few other Grasses. Seven 
species of Triticum are 
cultivated as Wheat : — 
T, vulgaris (common 
Wheat) ; T, durum ; T, 
polonicum ; T, turgidum 
(English Wheat) ; T. 
spelta (Spelt); T. dicoc- 
cum ; T. monococcum. 
A very large number of 
varieties of these species 
are known, and culti- 
vated. 

Triticum repens — 
" Twitch,*' " Scutch," 




Fig. 85 {from Burgtorf). 
Bent-|(rass {.Agrostis vulgaris). 



" Couch," " Whickens " — is a common, and troublesome 
weed in arable land. Its ears, which resemble those of the 
Wheat but are larger and more slender, may often be seen 
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in hedge-rows. Awns small. The method of reproduction, 
which enables this plant to spread so rapidly, has already 
been considered. 

T. junceum is a common grass on sand dunes, and 
helps by its underground stem and roots to bind the sand 
and to hinder its being blown about by the wind. 

LOLIUM. Spikelets solitary, edgewise to main axis; 



Fig. 86 {from Filch and Smith). tiaii. 

Ryt-gn™ (£b/i-«» /(-»»«). 

matty-flowered ; glumes, one, or the inner one if present is 
much smaller. 

Lolium perenne — Common Rye-grass — (figs. 86 and 87), 
a common grass very often found on road-sides, and rail- 
way embankments. It is very easily distinguished by the 
spikelets arranged in two rows on opposite sides of the 
main axis, and placed edgewise to it. Common Rye-grass 
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is perennial and tillers very freely, and on this account is 
most useful as a pasture grass ; it is also valuable for hay. 
L. italicum — Italian Rye-grass — (fig. 88) is much larger 
and more vigorous than common Rye- 
grass, from which it is easily distinguished 
by its larger size and by its long awns. Its 
useful properties are the same as those 
of the common Rye-grass, and by some 
authorities it is considered to be only a 
cultivated form of this. 

HORDEUM. Spikelets arranged in 
threes, with one flower each ; pales with long 
awn. 

Horieum — Barley — of which four species 
are found growing wild in this country. In 
the Barley the fruit adheres to the pale. 

H. distichum is the common Barley. The 
ear has a row of perfect spikelets placed 
opposite to each other on the main axis, while 
on each side of these there is a barren, and 
imperfectly developed spikelet. 

iH. vulgare has a four-rowed ear. In 
addition to the two fertile spikelets, two of 
the usually barren ones are fertile, this cause 
bringing about the four rows, 
Pjg 88 H. hexastichum, the six-sided Barley, has 

of all the spikelets fertile. 

Spikelets solitary, and ar- 
ranged in two rows on the same side of the main axis. 
I species. 

Nardus siricia — Mat-grass — a common grass on moors. 
From 8-IO inches high, with bristle-like leaves. 
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The Leguminosae are a very large family of plants in- 
habiting nearly all countries of the globe. The chief 
characteristic which connects the various members of this 
order is the fruit, which is always composed of a single 
carpel and ripens into the well-known pod or legume, the 
name given to a fruit of one carpel which opens along both 
edges. Some of the fruits contain only one seed, these 
therefore have no necessity to open. The flowers may be 
irregular, as in the Pea ; or may be quite regular, generally 
with five sepals, five petals, and ten stamens ; the sepals, 
petals, and stamens arising from the edge of the cup-shaped 
axis. 

The leaves are never arranged opposite to each other ; 
they are generally compound, with a varying number of 
leaflets placed on opposite sides of the leaf-stalk, at the 
base of which a pair of stipules are to be found. The 
seed is exendospermous, and in many of these plants 
it is of great value as a food material, for which 
reason they have been cultivated from a very remote 
period. 

The order comprises Trees, Shrubs, and Herbs; it is 
divided into three sub-orders : — 

I. Mimosese. — Chiefly tropical trees, characterised by their 
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regular flowers, clustered into globular . heads. Examples 
Mimosa^ Acacia, 

n. OsBsalpinse. — Trees or shrubs, chiefly tropical. 
Their flowers resemble those of the Papilionaceae, but 
differ in having the standard situated inside the wings. 

III. Papilionaces. — ^This sub-order consists for the 
most part of herbs and shrubs, which flourish in temperate 
regions. They are distinguished by their compound 
leaves with stipules. The leaflets are modified in several 
instances to serve as tendrils (fig. 93). The members of 
this sub-order are easily recognised by the structure and 
arrangement of the various parts of the flower, which is 
very distinctive, — a typical example being afforded by the 
Pea, which we have already fully described. 

The Papilionaceae is a large order, of which eighteen 
genera are natives of this country, a great proportion of 
these being useful in Agriculture either when grown as 
crops or as pasture plants. The only members of the 
Leguminosae which are grown as crops in this country 
belong to the Papilionaceae, and on this account the term 
" Leguminous plants " has come to be commonly applied 
only to this sub-order, which includes such plants as Feas^ 
BeanSj Vetches^ Lupins^ Clovers^ San-foin, &c. 

The genera may be conveniently divided into two groups, 
those whose stamens are all united, and those in which the 
upper stamens are not joined with the rest. 

A. Stamens all united, 

ULEX — the Gorse, Furze, or Whin, has simple spiny 
leaves and yellow flowers. The young plants have tender 
stems and leaves, and are therefore sometimes grown for 
fodder. 
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SAROTHAMNUS — the Broom, is common on sandy 

waste lands. 

ONONIS — a small plant with pink flower, commonly 
known as the " Rest Harrow." There are two species, one 
with spines and one without. 

ANTHYLLIS— the Kidney Vetch or " Ladies' fingers," 
is common on chalky lands, and may be recognised by its 
yellow flowers, and white hairs on cal)'x. 

B. Upper stamens not united with the rest. 

MEDICAGO — Medick, recognised by the spirally twisted 
pod. 6 species. 

M. lujmlina (fig. 89)— Black 
Medick or " Nonsuch," is a small 
plant (6-24 inches), with pro- 
cumbent stem, yellow flowers 
clustered t<^ether, and black, 
one-seeded fruits. It very closely 
resembles some of the smaller 
species of Trifolium, but is easily 
distinguished from them by its < 
fruits. 

M. saliva — Lucerne, Purple 
Medick, is a much larger plant, pig, g, ^J,^ yu,,, ^nd Smith). 
with an erect stem from 1-2 feet bi«I' titHc^tiMtdicage luttUimiy 
high. It has purple flowers, and pod twisted spirally two 
or three times, 

MELILOTUS — Melilot or Bokhara Clover. Flowers 
arranged on one side of the flower-stalk, with nearly straight 
pods. 3 species. 

M. qffUinalis — the common Melilot, a tall plant from 2-3 
feet high, with yellow flowers. 
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TRIFOLIUM— Clover. Flowers clustered into heads, 
with the calyx teeth of unequal lei^jth. 30 species. 

T. refens (fig. 90) — White or Dutch Clover. A small 
plant with both creeping and erect stems, the former root 
at the nodes, while the latter bear leaves and flowers, 
and vary from 3-18 inches in height. The leaves are 



Fig- 90 {/""" P'''>' ""^ Smith). 
White Clover ( TH/cti-Hm rtPtmV 

often marked across the centre with a lighter V-shaped 
band. Flowers usually white. A very useful plant, 

T. /Wiw«flA<OT— -Crimson Clover, is an annual plant from 
6-18 inches high. It may be distinguished by its crim- 
son flowers arranged in an elongated head. 

T. pratense (fig. 91) — Common Purple Clover, very 
frequently cultivated. It grows from 6-18 inches in 
height. Stem partially erect. Leaves with broad white 
V-shaped band. Flowers densely clustered together. 



LEGUMINOSiT:. 201 

T. pralense perenne is often designated "Cow^rass," but 
this is a bad term, as it is not a Grass. It is merely a 
variety of T. pratense, from which it may be distinguished 
by its much smoother stem and lai^er stipules. 

T. kybridum (fig, 92) — Alsike Clover, is not a native of 
this country but has been introduced for purposes of culti- 
vation. It lias an erect stem. Flowers white or pale 
pink. Corolla persistent, turn- 
ing brown. Pods with 2-4 
seeds. 

T. procumbens — Hop Tre- 
foil, is a small plant found in 
pastures. Stem creeping. 
Flowers very numerous, bright 
yellow, and clustered into 
heads. It is liable to be con- 
founded with Medicago lupu- 
lina, but may be distinguished 
from this by the persistent, 
brown, faded corolla which 
covers the fruit. 

T. minus — Lesser Yellow 
Trefoil, is a smaller plant than Fig. ga {/ram Fiuk and SaUiA). 

.. .. J > Alsikc Clover (Trifolium /atridumi. 

the precedmg one, and has ^ j r^ i- 

fewer flowers in the heads, about 10-15. 

T. avense — Hare's-foot Trefoil, is recognised by the calyx 
being longer than the corolla and produced into feathery 
teeth. It is found in sandy districts, and grows from 6-12 
inches in height. 

LOTUS — Bird's-foot Trefoil, has its calyx teeth equal in 
length. Pod with many seeds. 3 species. 

L. corniculatus — Common Bird's-foot Trefoil, " Eggs and 
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Bacon," " limb's Toes," is common in dry situations, and 
grows from 4-18 inches high. The stem, from which the 
erect flower stalks arise, is creeping. At first the flowers 
are of a reddish colour, which changes afterwards to a 
bright yellow as they open. 

ONOBRYCHIS— Sain-foin. i species. 
O. sativa is found on chalky pastures, growing from 
i-a feet high. Stem erect. Leaves with many leaflets. 
Flowers in an elongated head. 
The fruit becomes wrinkled 
when ripe, and contains only 
one seed. 

VICIA— the Vetch or Tare. 
Leaves with numerous lateral 
leaflets, the upper ones gene- 
rally modified into tendrils (f^. 
93). Style cylindrical. 10 
species. 

V. (roo'a— Tufted Vetch, is 
a common climbing plant with 
narrow hairy leaves. 

V. saliva — Common Vetch 
Y\s. ^iKfroM Filch and Sstiik). (f^. 93), has weak stem, partly 
Common v«eh (fina wdw). erect. Flowcrs purple, and 
often arranged in pairs. Often cultivated. 

V. hirsuta — A very hairy plant, frequent in waste places 
and a weed in cornfields. About six flowers are grouped 
together. 

V. /aba — the Field Bean, is not indigenous, but has been 
introduced from the East. The Broad Bean and Windsor 
Bean are merely varieties of the Field Bean. 

LATHYRUS — Everlasting Pea, closely resembles Victa, 
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but is distinguished by the flattened style. 10 
species. 

LUPINUS — Lupin, is easily recognised by the leaves, 
which are digitate — that is, the leaflets spring from the 
extremity of the leaf stalk. Although not a native of this 
country several species are grown. The Blue Lupin is a 
common plant in gardens. Z. iuteus, Yellow Lupin, is 
cultivated in Germany. 

Pisum sativum (Pea), Phaseolus mulHflorus (Scarlet 
Runner), Ervum lens (Lentil) have all been introduced into 
this country. In common with many Agricultural plants, 
their origin is obscure, since they have been under cultiva- 
tion from pre-historic times. They have most probably 
been introduced from the East with the exception of 
Phaseolus, which appears to be a native of Central America. 

Nitrogen in the LEOUMiNoSiE. 

The peculiar relationship between the Leguminosse and 
nitrogen has been mentioned in the chapter on Food, but 
the subject demands a special consideration on account 
of the great agricultural importance of this family of 
plants. 

The Leguminos8e,it is well known, are very rich in nitrogen, 
and are therefore often described as " Nitrogen Collectors." 
But the source from which this large amount of nitrogen 
is obtained, and the means employed by these plants to 
secure it, has long been a puzzle, and even at the present 
time it cannot be said that a complete solution to the 
problem has been found. 

A good idea of the large amount of nitrogen in the 
Leguminosae may be obtained from the experiments at 
Rothamstead of Sir J. B. Lawes and Dr Gilbert, who foilnd 
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that Beans yielded twice as much nitrogen as either Wheat 
or Barley, and more than twice as much as did a Root-crop, 
when grown under similar conditions ; also, that a Legu- 
minous crop accumulates a great deal more nitrogen over 
a given area than a Gramineous crop under equal conditions 
of soil. This nitrogen would be contained in the aerial 
parts of the plant, but a large amount is also left behind in 
the soil. The Leguminosae, therefore, although collecting 
such large quantities of nitrogen, do not exhaust this element 
from the soil, but, on the contrary, the soil in which they 
have been grown is found to be richer in nitrogen than 
before. 

It is most remarkable that the Leguminosae, which 
contain so large a proportion of nitrogen, are able to 
obtain their own supplies of this element, and to flourish, 
without its being actually given to them in the ordinary 
way. Thus the Rothamstead experiments show that they 
flourish when supplied with manures containing all the 
food elements except nitrogen, and that when this is added 
there is comparatively little additional increase. This is 
well exemplified in fig. 94, taken from the result of experi- 
ments on Vetches by Professor Wagner of Darmstadt. 
The first two pots (O) have received no manure, and 
hence the plants grown in them are dwarfed; the centre 
pots (KP) have received potash and phosphorus, and 
as a consequence the plants in them are well grown and 
vigorous; the growth of the plants in the pots (KPS) is 
little better than in the others, although nitrogen has been 
given to them. 

The Leguminosae, then, not only are much richer in 
nitrogen than other plants, but do not draw upon the 
ordinary supplies for this element. We must therefore 
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look for some other source from which they obtain it in 
such lai^e quantities. 
Sources of Nitrogea for the Legaminosa.^ — That the 



the mfficiion^ f, e, cells of piLiferous layer; i, point of infcctioD (X i?^)- Vi 
iunher stage m denEopment of the nodule ; i, root baira ; f, pwit of infectioa ; r, 
corteif ; fM, bundle Bbcmh (x 70). J^, four cells in Ihe'^myc^U&ma" Bla£e(x 330). 

supplies are not necessarily derived from the soil is shown 
by the experiments just mentioned. The air, then, is the 
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only other available source, and doubts have arisen as to 
the truth of the conclusion that plants are incapable of 
utilising this abundant supply. The experimental evidence 
however, proves that in this respect the Leguminosae do not 
possess any peculiar properties, and that the nitrogen of 
the air is not directly available for these, or for other 
similar plants. But that the nitrogen of the air is some- 
how or other brought into service for them, there can be 
little doubt. Micro-organisms of a somewhat similar 
nature to those which play so important a part in the 
process of nitrification, are very common in the soil, and 
some of these seem to have the power of fixing the 
atmospheric nitrogen, /.^., bringing it into combination as 
a preliminary step to its undergoing nitrification, and 
becoming thereby a source of food for the higher plants. 
Certain micro-organisms in this way are intimately associ- 
ated with the Leguminosae, and provide them with nitrogen 
from the air. 

For a long time it has been well known that the roots 
of the various Leguminous plants have numerous swellings 
upon them. These swellings (fig. 95, A) are the well-known 
nodules or tubercles^ and vary very much in size, sometimes 
being little larger than a pin's head, at other times as large 
as a pea, or even much larger. These tubercles have 
always been a matter of interest, but at no time have 
they excited so much controversy as at the present, though 
it. has been generally acknowledged that it is through them 
that the problem of the supplies of nitrogen to the 
Leguminosae, receives a solution. 

A transverse section through a root and tubercle (B) 
shows that the central fibro-vascular cylinder is only slightly 
altered, but that in the ground tissue there are masses of 
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opaque cells, and that the tubercle is due to an increase 
in the cells of the ground tissue. Increased magnification 
reveals the fact that the cells shown as dark masses in B, 
are parenchymatous cells filled with protoplasmic contents ; 
these are usually known as the infeded-celh. At thar 
edges there are groups of smaller dividing cells (fig. 96, 
E, ffi), by which the number of the infected cells is 

r ^-i Ti- 
ff «''^,«f 

I ""*'^ 7 



Fig. 96 {frvm Fr(aik\. 
E, Kction of lubtrcle itill funhtr wlTanced ; i, inffcled cella; /, fibta-nacnUr 
bundle, from which a branch txlendi Icnrirdi the infcded uLls ; m, dividing cella ; 
r, conex. G, Buctetii fram Ihe cellt in F (K iwi). H, Bactciii cuttiviilcd on 
Eclalineif, unnniiiKi >, in a jelly-like mui(>I T090). 

increased, A branch from the fibro-vascular cylinder is 
extended to these infected-cells which are surrounded by 
ordinary ground tissue cells (r). 

The infected-cells (fig. 95, F) are densely filled with proto- 
plasm, which, according to Frank, is not the original proto- 
plasm of the cell, but is the cell protoplasm combined with 
certain micro-organisms (bacteria), to form what is termed 
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a mycoplasma. Other authorities dispute that the cell 
protoplasm combines with the bacteria, but all are agreed 
that numerous bacteria are present in these cells. The 
bacteria, when fully grown, are often seen as V or Y shaped 
bodies (fig. 96, G). When removed from the tubercle they 
have been cultivated in a drop of nutrient fluid, under which 
conditions they give rise to a number of very much smaller 
bodies (H, s\ which swarm about for a time, or may unite 
into a jelly-like mass (H, z). Other plants have been infected 
from these cultures. 

We may now trace the entrance of the bacteria 
into the plant. The particular bacteria which associate 
with the Leguminosae, in some form are present in 
the soil, and should they come in contact with a 
suitable root, are able to infect it. In the Lupin (C) the 
bacteria enter through the cells of the piliferous layer 
(as at D, i) and soon commence to penetrate from cell to 
cell, causing an increase in the number and size of the 
ground tissue cells until a tubercle is formed (D). In 
other plants, as the Broad Bean {Vkia faba)y the first 
commencement of the tubercle is the infection of a root 
at some part of a root-hair. From this point a hypha 
without septa passes down the root-hair, and entering into 
the cells of the ground tissue, there branches and rebranches. 
Certain of the finer branches end blindly in these cells and 
commence to bud oflf a number of bacteria, the consequent 
multiplication of cells resulting in the formation of the 
tubercle. 

The tubercles are very cotnmon in nature, and it may be 

doubted whether a Leguminous plant when growing under 

natural conditions is ever free from them. Any treatment 

which will kill the bacteria in the soil will of course prevent 

o 
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the fonnation of these tubercles : thus, if soil be heated to 
the boiling point these organisms are killed, or if a seed of 
a Leguminous plant be planted in sterilised soil, no tubercles 
can be formed until the bacteria are introduced, either by 
the addition of some unsterilised soil, or by watering the 
plant with a watery extract of soil containing these bacteria. 

Numerous experiments, notably by Hellriegel and 
Willfarth, Frank and others, have shown that it is only 
when the tubercles are formed that the Leguminosae are 
able to flourish without supplementary supplies of nitrogen 
being given to them. 

The Leguminous plants grown in sterilised soil, with all 
the food elements except nitrogen, starve for the want of 
this element, since no tubercles can be developed ; but 
when the sterilised soil is infected with the bacteria, then 
the tubercles are formed and the plants, no longer suffering 
from the absence of nitrogen, develop and become 
vigorous. 

As a confirmation of this theory, Frank has shown that 
the mycelia of certain fungi are associated with the smaller 
roots of many large trees, as Oaks, Pines, &c., and help to 
supply them with nitrogen in a similar way, and he has 
also proved that the development of young Pine trees is 
greatly enhanced by the presence of these fungi. 

Green Manuring. — ^The nitrogen accumulated by the 
Leguminosae can be turned to account as a means 
of providing this element for other plants, such as 
the cereals which must have an available supply, 
but have not the peculiar faculty of procuring it 
possessed by the Leguminosae. Thus, Sir J. B. I^wes and 
Dr Gilbert found that Barley, when grown immediately 
after a crop of Clover, yielded upwards of twice as much 
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nitrogen as when grown after Barley, although a large 
quantity of nitrogen had been removed in the Clover crop. 

A further extension of this principle is the process of 
" Green Manuring," in which various Leguminous plants, 
such as Lupins, Vetches, Clover, Peas, are sown into the 
crop and then ploughed into the land when green, to 
decompose and furnish supplies of nitrogen for the suc- 
ceeding crop. Figure 97 presents an example of this 
method with Oats and Vetches. The two pots (O) 
contain Oats, which, although manured with potash and 
phosphorus, yet had no nitrogen presented to them, and 
hence are dwarfed; the two pots next to them were 
similarly treated, but had in addition nitrate of soda ; the 
next two pots, like the first two, had no nitrogen, but White 
Mustard had been grown in the previous year and buried 
green. Xhis plant, one of the Cruciferae, is not rich in 
nitrogen, and hence we see that the Oats are starved as in 
the first pots. The appearance of the plants in the last 
pot, however, is very, different, the growth being quite as 
luxuriant as in those to whidi nitrate of soda was supplied, 
the requisite amount of nitrogen having been obtained 
from the decomposition of the Vetches grown in the 
previous year and buried while green. 

The comparative failure of the Oats grown after White 
Mustard, shows that it is not every plant which may be 
utilised for the purpose of Green Manuring. 



CHAPTER XIII. 

THE CLASSIFICATION OF PLANTS. 

A STUDY of Agricultural Botany can hardly be considered , 
complete without some knowledge of the great natural 
divisions into which the various groups of plants may be 
arranged, and their affinities one with another. This last 
chapter is therefore devoted to a brief summary of the 
Classification of plants, with an account of the chief 
characteristics of the different groups, dealing only with 
those which are of the most importance to our main theme. 
The Gramineae and Leguminosae being of such special 
importance in Agriculture, require a fuller treatment than 
is consistent with this short review; they have therefore 
been considered separately, and here merely take their 
proper relative positions. 

The vegetable kingdom may most conveniently be 
separated into five great Divisions known respectively as 
the Thallophyta, Bryophyta, Pteridophyta, Gymno- 

SPERMiE and ANGIOSPERMiE. 

These five Divisions are very large, and further sub- 
division into smaller groups containing those plants which 
are more nearly allied is necessary, the groups again being 
sub-divided. 

Species. — The new individuals which are produced from 
the seeds of any particular plant resemble each other 
very closely, and also their parents, and in like manner their 
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descendants will also present the same characteristic 
resemblances. All plants which possess this very close 
degree of similarity, and which have the greatest number of 
characters in common, may be considered to have 
descended from a common ancestor, and constitute what is 
termed a species. The main characters of a species are 
constant, but admit of slight variations, which though 
permanent, are insufficient to characterize a new species, 
and plants possessing them are described as varieties, 

Qenns. — Species which very closely resemble each other, 
and are therefore related, are grouped into a genuSy which 
is marked by the characters common to all the species. 
In assigning a name to any plant it is necessary that there 
should be two, one to indicate the genus and the other the 
species, the generic name always standing before the 
specific one. As an illustration we may cite the genus 
7>/V/Vw;w (Wheat) which comprises the several kinds of Wheat, 
Couch-grass etc.; these all agree in having the spikelets solitary y 
many flowered y and arranged without stalks^ broadside on a 
central axis, and are bound together by these characters. 
It is very evident however that the various species of this 
genus differ greatly from each other, as each species has 
certain definite characters of its own. Thus, all the 
members of this genus with creeping subterranean stem^ 
spikelet of about five flowers y pointed glumes and short awns^ 
belong to the species repens and are therefore known as 
Triticum repens. 

The cultivated Wheats can all be reduced to seven 
species, these however vary to such an extent that over 
300 varieties are known. 

Just as Species are grouped into Genera, so Genera are 
grouped into Orders, the characters of the Order being in 
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the same way the characters common to the Genera. The 
Orders are similarly grouped into Cohorts and the Cohorts 
into Series, the Series into Sub-classes, these again into 
Classes, and the Classes into Divisions. 

A Couch-grass, then, may be placed in its proper position 
thus: 



Genus . 


Triticum 


Order . 


Gramineae 


Cohort . 


Glumales 


Series . 


Glumiflorae 


Sub-Class 


Nudiflorae 


Class 


Monocotyledones 


Division 


Angiospermae 



THALLOPHYTA. — This division comprises all those 
plants whose vegetative system consists merely of a thallus^ 
that is a structure in which the cells are not differentiated 
into the three tissue systems, and in which therefore there 
is no division into stem, leaf, and root. These plants may 
consist of a single cell, or of a thread-like row of cells 
(filament), or of a cellular expansion (cell-plate), in which 
forms all the cells are exactly similar. Some of the higher 
forms however are larger and more complex, and in these, 
structures resembling the members of the higher plants 
may be found. 

This Division is separated into two main Classes, the 
Alga and the Fungi. 

The Algsd are green and possess chlorophyll. 

The Fungi are destitute of chlorophyll. The more 
important, which have any direct bearing upon agriculture, 
have already been considered in relation to disease. 

The BBT0PH7TA embrace the Mosses and Liverworts. 
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The PTEBIDOPH7TA,.also known as Vascnlar crypto- 
gams, include the Ferns and their allies. These plants are 
much higher in the scale than Mosses and are the lowest 
group which have true stem, leaves and roots, all these 
members possessing epidermis, ground, and fibro-vascular 
tissue. 

In this Division there are two distinct generations ; one, 
the larger, with stem, leaf and root, which bears only spores 
and is therefore an asexual generation; and the other, 
much smaller — -prothallium — a mere cellular expansion 
which bears the sexual organs. These two generations 
regularly alternate with each other, the asexual generation 
arising from the fertilised oosphere, and the prothallium 
being always produced from the germination of a spore. 
Alternation of generations although well-defined in this 
Division is not confined to it, and may be traced from the 
Bryophyta to the Angiospermae. 

In the EquisetumSy which belong to this Division, the 
spores are developed on special modified leaves arranged 
in cones at the end of the aerial stems. Sometimes these 
cones terminate the ordinary vegetative shoots or they may 
be borne on special branches. In the case of the Horsetail 
{EquisetuM drvense), these latter may be found about 
Easter, that is before the vegetative shoots appear, pro- 
jecting about an inch or so above the ground. The spores 
are all exactly similar ; and being armed with four long and 
slender projections (elaters) are easily distributed by the wind. 
The Horse-tail is a well known plant found on Railway 
embankments, in hedgerows, and often in arable land, in 
which it is a troublesome weed. It has both an under- 
ground and an aerial stem, the former penetrating to great 
depths renders its extermination a matter of some difficulty. 
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The first three Divisions are sharply distinguished from 
the other two by the fact that they never have flowers, 
nor produce seed, the production of flowers and seeds 
being the special characteristics of the Gymnosperms and 
Angiosperms. 

GYMNOSPERMiE. — In this Division the carpel never 
encloses the ovule, which is therefore exposed to the air, 
so that the pollen is placed directly upon the micropyle. 
The endosperm is formed before fertilization takes 
place. 

This Division comprises three Orders, the largest of 
which, the Coniferae, embraces many plants growing in this 
country, such as the Fir, Larch, Pine, Yew, Juniper, etc. 

Yew poisoning. — Many authentic cases are recorded in 
which Horses, Cows and Sheep have eaten the leaves and 
shoots of the Yew, and have died from the efiects of its 
poisonous properties. But beyond the fact that the Yew is 
poisonous, little more appears to be known. The seeds of 
the Yew are green, and enclosed in a red or yellow juicy 
cup — the ariL The aril is frequently eaten by children, 
and greedily devoured by birds without any ill eff*ects, and 
cannot therefore contain poison ; but the seeds are said to 
be poisonous, though in a less degree than the leaves and 
shoots. 

ANQIOSPERMiE. — The Angiosperms are distinguished 
from the Gymnosperms by having the ovules always sur- 
rounded and protected by the carpel. This necessitates the 
formation of the style and stigma, the pollen grain being 
placed on the stigma. Another characteristic is that the 
endosperm is not formed until after fertilisation has taken 
place. 

The Division is separated into two Classes, the Mono- 
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cotyledons and the Dicotyledons, which are distinguished 
by several characteristics. 

The MONOCOTYLEDONS have no cambium, so that 
the fibro-vascular bundles of the stem and root are closed. 
These members therefore cannot increase in thickness. In 
the leaf the venation is parallel, exceptions being found 
only in a few cases, as the Arums, etc. The parts of the 
flower are generally in threes, or a multiple of this number, 
the typical flower having 3 petals, 3 sepals, 6 stamens, 3 
carpels. The embryo has only one cotyledon. Examples, 
— Grasses, Sedges, Lilies, Rushes, Palms, etc. 

For the purpose of classification the Monocotyledons 
may be divided into the Nndiflorese, or those destitute of 
calyx and corolla, and the PetaloidesB, whose flowers have 
at least one series of these members, which is very often 
showy and conspicuous. This classification is not truly 
scientific, but is convenient as a method of separating the 
plants into groups. 

Sub-Class I. — Nudiflore® is again divided into two 
Series. 

In the first, SpadicifloresB, the flowers are enveloped in 
a leaf known as a spathe. This series is a very large one, 
and comprises the Pond-weeds, Arums, Palms, etc. 

The second Series, Glumiflorse, in addition to some 
tropical Orders includes the Grasses and Sedges. 

CvPERACEiE — ^The Sedges, are grass-like plants, but can 
at once be distinguished by the solid stem, which is 
generally triangular, and by the leaf-sheath which is much 
shorter than in the true Grasses, and is not split. Ligules 
too are absent. The flowers are unisexual (or some- 
times hermaphrodite), and arranged in spikes. The 
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staminal spikes, in the upper portion of the inflorescence, 
contain a large number of flowers which are destitute 
of perianth, and each consists usually of 3 stamens. 
The pistillate flowers are composed of three carpels, 
united into a one-seeded, one-chambered pistil, which in 
the unisexual flowers is enclosed in a bract. 

The Sedges are very common, some species living on 
the banks of streams and in bogs, while others are con- 
fined to downs and pastures. They vary in height from an 
inch or two, to 1-2 feet. 

GRAMiNEiE. — ^This Order is easily recognised by the 
fibrous roots, hollow round stems with solid swollen nodes, 
leaf with split sheath and ligules, flowers arranged in 
spikelets, stamens 3, carpels 2, ovary unilocular with only 
one ovule, wall of carpel adhering to seed, embryo lateral 
and not enclosed by the endosperm. 

Sub-Class II. — FetaloideSB is divided into two Series. 

Series I. — Hsrpogynse has the ovary always situated above 
the perianth. 

The ApocARPiE, a section of this Series, is distinguished 
by the carpels all being separate from each other. It in- 
cludes many water plants, as the Water-plantain, Arrow- 
head, Flowering-rush. 

The SvNCARPiE, another section, is distinguished by the 
carpels being united. This includes the Lilies and Rushes. 

LiLiACEiE is characterised by all the segments of the 
perianth being coloured; by the six stamens, and the 
superior 3-chambered ovary of 3 carpels. 

Useful plants belonging to this Order are : — 

Allium cepa — The Onion, (fig. 22); Allium porrum — 
The Leek; Allium ascalonicum — The Shallot; Allium 
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sativum — The Garlic ; Hyacinthus — Hyacinth ; Sdlla 
nutans — Blue-bell ; Tulipa — Tulip ; Lilium — Lily ; 
AloJt — the Aloe. 

Series II. — ^Epigyna has the ovary below the perianth, 
which therefore appears to spring from the top of the 
ovary. This Series includes the Iris, Snowdrop, Gladiolus, 
Black-bryony, the Orchids. 

The DICOTYLEDONS have cambium, and the stem 
and root are thus capable of increase in thickness. The 
leaves have reticulate venation. The parts of the flower 
are in fours or fives, and there are two cotyledons. The 
majority of our common trees and flowers belong to this 
Class. 

In England, following the classification of A. L. de 
Jussieu (1789), the Dicotyledons are divided into three 
principal Sub-classes — namely : — 

Polypetalsd or those plants like the Buttercup, Wall- 
flower etc., which have their petals all distinct from each 
other. 

Gamopetalsd in which the petals are united with each 
other, and form corollas of the most varied shapes, e,g,^ 
Foxglove, Snapdragon, Canterbury-bell. 

Apetato which possess flowers having either stamens or 
pistil, but generally neither calyx or corolla, though some- 
times one of these series is present. Examples are found 
in Oak, Hazel-nut, Rhubarb, Nettle, etc. 

These divisions, although convenient, are by no means 
scientific, for one character only is thus made to serve as a 
basis of classification. At the time it was proposed, this 
system was a marked advance upon those which preceded 
it, but more recent investigations have shown that such 
a sharp line does not exist between these Sub-classes ; and 
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many plants which on account of the structure of their 
flowers should be placed among the Apetalae, are really 
allied to members of the other Sub-classes and must be 
distributed among them. This classification therefore in 
practice cannot be strictly maintained, and the Apetalae 
now contain only those plants without calyx and corolla 
whose affinities are doubtful. 

In considering the further sub-divisions, the classification 
of Hooker and Bentham is adopted, and, as before, only the 
more important Orders will be dealt with. 

The PolypetalSB are divided into three series. 

Series I. — Thalamiflorse. 

The members of the flower are all distinct from one 
another, each one arising above the other without becoming 
joined to it. 

RANUNCULACEiE — Rccognized by the indefinite stamens, 
and the carpels all distinct from each other. 15 genera. 

Ranunculus — Buttercup, Crowfoot, etc., has five sepals, 
and five petals each with a nectary at its base. 

R, arvensis is an annual plant and a common weed in 
cornfields ; it has a brown fruit bearing a number of spikes. 

R, acris ; R, repens ; R, bulbosus are all found in pastures 
and known as Buttercups. 

R, jkaria^ found in hedge-banks and fields, is the Pile- 
wort. 

The remaining important plants of this order are 
Clematis (Traveller's Joy); Anemone; Caltha (Marsh 
Marigold) ; Helleborus (Hellebore) ; Aquilegia (Colum- 
bine) ; Delphinium (Larkspur) ; Aconitum (Aconite). 

BERBERiDEiE — One carpel, 6-9 stamens. 
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Berberis vulgaris — the Common Barberry, is found in 
hedges, and is often grown in gardens, attaining a height 
of about 12 feet. The stamens are very irritable, and 
when touched, close round the pistil, with the object of 
dusting with polen, not the stigma, but the body which 
touches them. In this way bees which settle on the 
flower are covered with pollen. 

This shrub is one of the hosts of Puccinia gratninis, 

PAPAVERACEiE — Herbaccous plants exuding a milky juice 
when bruised. Sepals caducous />., falling away as • the 
flower opens. Petals double the number of sepals. 
Stamens indefinite, carpels united to form an ovary with 
one chamber, on the summit of which the Stigmas are seen 
as dark radiating lines. 5 genera. 

Papaver — Poppies. Four species are found in Corn- 
fields, and are weeds of cultivated ground. 

P, hybridum is known by its round and prickly fruit ; 
P. argemone has also a prickly fruit but much larger than 
that of P. hybridum ; P, dubium has a long smooth fruit, 
by which it is distinguished from P, rheas^ the common 
field Poppy, whose fruit is smooth, but round. 

jP. somniferum is the Opium Poppy. 

FuMARiACEiE — CoroUa irregular, petals double the sepals, 
stamens two, each with three anthers. 

Fumaria— Fumitory. Four species are common weeds 
in cornfields and arable lands. 

CRUCiFERiE — Two sepals, four petals, six stamens of 
which the two lateral are shorter than the four median ones, 
two carpels united, the ovary divided into two chambers by 
a partition known as the replunt. To allow the seeds to 
escape, the two sides of the ovary fall off", and leave the 
seed attached to the replum ; a very familiar instance of this 
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may be observed in " Honesty," so frequently preserved on 
account of the pretty effect of its silvery-white replum. 
The fruit of this Order is known as a siliqua. The seeds 
have no endosperm. 

Brassica — Calyx erect, fruit long, angular and produced 
into a terminal beak. 

This is the most important genus of the Order and 
supplies very many useful plants. 

B. oleracea — The Wild Cabbage. The upper leaves are 
without stalks, the lower lyrate and wavy, covered with bloom. 
It is from the cultivation of this plant that all the many 
varieties of Cabbage have been derived ; it is a biennial, 
from 1-2 feet, and is found growing wild on the cliffs of the 
South and West Coasts. 



B, oleracea capitata 

rubra 

botrytis cauliflorce  

botrytis asparagoides- 

bullata 

gemmifera 

caulorapa 
B, rapa 

B, campestris rutabaga 
B. napus 



-the Common Cabbage 

-the Red Cabbage 

-the Cauliflower 

-the Broccoli 

-the Savoy 

-Brussel Sprouts 

-Kohl-rabi 

-the Turnip. 

-the Swede. 

-the Rape. 



In the Kohl-rabi the lower portion of the stem, and in 
the Turnip and Swede the roots, are enlarged to serve as 
reservoirs of reserve material, and hence are largely grOwn 
for food. 

Sinapis — Sepals spreading, pods linear with beak. 

S, arvensis — Charlock, or Runches, is a common 
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annual, and troublesome weed on arable land. It has 
bright yellow flowers. 

S, alba — White Mustard, and S, Nigra — Black Mustard, 
are commonly cultivated. 

Raphanus — pods tapering and divided into one-seeded 
joints. 

R, rapanistrum is the Wild Radish, an annual weed on 
arable land. 

R, sativum — the garden Radish, is not a native of this 
country, although extensively cultivated for the sake of the 
root, which is a reservoir of reserve material. 

The Order Cruciferse is a large one including many 
other useful and ornamental plants, among which we may 
mention. 

Cratnhe maritima (Sea Kale) ; Iberis amara (Candytuft) ; 
Lepidium sativum (Cress) ; Cochlearia Armoracia (Horse- 
radish); Nasturtium officinale (Water-cress); Sisymbium 
officinale (Hedge-Mustard); Cheirantkus cheiri (Wall- 
flower) ; Matthiola (Stock). 

VioLACEiE — ^The Pansies and Violets. One genus. 

Viola tricolor is a common annual weed in fields. 

PoLYGALACEiE — Flowers irregular, two lateral sepals, 
large and coloured, ovary two chambered. One genus. 

Folygala vulgaris — Milk-wort, is a very common plant 
in pastures. Its flowers are either pink, white, or blue. 

CARYOPHYLLACEiE — Stem hcrbaccous, with swollen 
nodes; leaves simple, entire, opposite; sepals and petals 
five; stamens 8-10; ovary one-celled. Seeds with endo- 
sperm. Thirteen genera. 

The plants of this Order are for the most part weeds, 
though some are cultivated for the sake of their brilliant 
flowers. 
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Lychnis vespertina — White Campion; Z. diurna (Red 
Campion) \ L, flos-cuculi (Ragged Robin) are all perennial 
weeds. Z. ^/M<a!^((7 (Corn-cockle) (fig. 32) is an annual weed 
very common among cereals; its seeds are liable to be 
harvested with the crop, becoming then an impurity, and 
damaging the sample of the grain. 

Dianthus — Pink and Carnation. 

Spergula arvense — Spurry, common on sandy lands, is 
sometimes cultivated. 

Stellaria (Stitchwort). Cerastium (Chickweed). 

Series II. — ^Discifloreae. 

The floral axis is swollen inside the sepals to form the 
nectary, the petals and stamens being inserted around or 
upon the disc. 

Note, — In the Linaceae and Geraniacese, the disc is small 
and reduced to a number of nectaries at the base of the 
stamens. 

LiNACEiE — Herbs with simple exstipulate leaves, sepals 
persistent, petals twisted in the bud, fruit 3-5 celled. 

Linutn usitatissimum — The Flax, 1-2 feet high, with blue 
flowers. It is cultivated for the bast fibres which are 
obtained from the stems by maceration, and manufactured 
into linen. The seeds are albuminous, and when crushed 
yield linseed oil, while the residue is used for linseed cake. 

Z. catharticum — Purging Flax, is a small annual plant 
common in fields, 2-10 inches. 

GERANiACEiE — Scpals five, persistent ; carpels five 
arranged round a long beak, from which they spring elasti- 
cally and eject the ripe seed to considerable distances. 

Geranium pratense — Blue Meadow Cranesbill, a hand- 
some plant, is found in meadows. 
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G. robertianum — Herb Robert, common in hedge banks. 
Several other species are annuals and weeds in cornfields. 

Series III. — Calyciflorse. 

The apex of the floral axis is hollowed to form a cup, on 
the margin of which the sepals, petals, and stamens are 
inserted ; an appearance is thus given as if the petals and 
stamens were inserted on the calyx, and hence the name. 
The receptacular cup may be free or may be fused with the 
ovary. 

LEGUMiNOSiE. (Chapter xii.) 

RosACEiC — Trees, shrubs or herbs. Leaves often com- 
pound, stipulate ; sepals 5 j petals 5 ; stamens numerous ; 
carpels distinct from each other. A very large Order, 
comprising many plants which bear valuable fruits. 17 
genera. 

Prunus — Plum, Cherry, etc. In the flowers of this 
genus there is one carpel, which ripens into a fleshy fruit 
(drupe) ; a hard stone, formed from the inner wall of the 
carpel, serves to protect the seed, (kernel), the rest of tlie 
carpel being succulent. 

Fragaria — Strawberry. The extremity of the floral axis 
enlarges, and becomes the edible part of the Strawberry, 
upon which the carpels are found as small brown nuts, the 
so-called seeds. 

Rosa — Rose. The hollow floral axis bears the sepals, 
petals, and stamens, at its edge, and numerous carpels on its 
inner surface; on ripening, it becomes succulent to form 
the Hip. 

Rubus — Blackberry, Raspberry. Each carpel ripen 
into a minute drupe. 

Pyrus — Apple, Pear. The receptacular cup enlarges, 
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and fuses with the carpels to form the Apple or Pear. 
These are therefore not true fruits. 

Cydonia — Quince. Fruit the same as the Apple. 

Cratagus — Hawthorn. Fruit the same as the Apple. 

Among other common plants belonging to this Order 
may be cited, — Sanguisorba officinalis (Greater Burnet), and 
Poterium sanguisorba (Lesser Burnet), common in meadows. 
The flowers are clustered into deep red heads, and are 
destitute of petals. Spirea (Meadow Sweet); Geum 
(Avens); Potentilla\ Alchemilla (Ladies-mantle). 

CucuRBiTACEiE — Chiefly climbers. Flowers unisexual, 
sepals 5, petals 5, stamens 3, carpels 3, ovary inferior. 

Bryonia dioica — White Bryony, is the only native 
species. The various kinds of Melon, Pumpkin, Vegetable 
Marrow, Cucumber, and Gourd, all belong to this Order. 
They are cultivated for the sake of the fruit, which often 
attains a considerable size. 

XJMBELLiFERiE — Herbff, with hollow stems, and com- 
pound leaves with large sheaths. Inflorescence a simple, 
or more generally a compound umbel, sepals often absent, 
petals and stamens 5, carpels 2, each with only one ovule, 
ovary inferior. The fruit, technically known as a cremocarpy 
splits when ripe into two halves {fnericarps\ each con- 
taining one seed. The mericarps are sometimes flat and 
thus easily distributed by the wind, or hooked, and are 
then dispersed by animals. 

Conium maculatum — Hemlock,, a large plant, growing 
from 2-4 feet high, found on hedge banks. It may easily 
be recognised by the purple spots on the stem, the large 
compound leaves, and small wrinkled compressed fruit. 
The Hemlock is very poisonous. 

Apium graveokns — Celery, a small plant found in 
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marshes, is the plant from which the garden Celery has 
been derived. It may be recognised by the leaves which 
are temate, the lobes of the lower ones entire, while those 
of the upper ones are notched. The umbels, too, have 
very short stalks. 

Petroselinum sativum — Parsley, is a native plant found 
growing on old walls, and attaining a height of 1-2 feet. 

y£gopodtum padagraria — Gout-weed, is often a trouble- 
some weed in gardens. It prefers damp or shady situations. 

Carum carui — Caraway, is sometimes grown for Caraway 
" seeds," which are in reality, fruits. It may be found wild 
in waste places, growing from 1-2 feet high. 

Bunium flexuosum — ^The Earthnut, is a common plant 
with a tuberous root. 

CEnanthe flexuosuin — Water-dropwort. In this genus 
there are 8 native species found growing in ditches or in 
marshy districts, all of which are poisonous. 

jEtkusa cynapium — Fool's Parsley, is an annual, about 
I J feet high. It is a common plant in waste places, 
becoming a weed of arable land. 

Faniculutn vulgare — Fennel, found wild on cliflfs. 

Pastinaca sativa — Parsnip, it occurs wild in chalky 
districts, and is the parent of the garden Parsnip. 

Heracleum spondylium — Cow-parsnip, or Hog-weed, a 
rough plant, from 4-5 feet, found in meadows and waste 
places. 

Daucus carota — Carrot, occurs in chalky districts, and is 
the wild form from which the garden Carrot has been 
derived. 

Torilis infesta — Spreading Hedge-parsley, has its fruits 
covered with hooked bristles. It is a small annual, from 
4-12 inches, a common weed in cornfields. 
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Scandix pecten-veneris — Shepherd's-needle, has a very long 
pointed fruit. It is a common weed in cornfields, from 
4-12 inches high. 

Anthriscus — Beaked Parsley. 

A. vulgaris and A. sylvestris are common wayside plants 
from 2-4 feet high. . 

CluBrophyUum temulum — Rough Chervil, a common way- 
side plant with the stem nodes swollen. 

The GamopetapISB are divided into 3 Series. 

Series I. Epigyns. — Ovary inferior. 

RuBiACEiE — Herbs with leaves arranged in whorls, 
flowers regular, stamens equal the petals, carpels two. 4 
genera. 

Galium verum is the Bedstraw. G. aparine — Cleavers, or 
HarifT — a common plant in hedges, has its stem and fruit 
covered with hooks, the former to help it in climbing, the 
latter to distribute the seeds. It is a very mischievous 
weed in cornfields, for when harvested with the crop, it 
sometimes renders it almost worthless. 

CoMPOSiTiE — Herbaceous plants with alternate leaves. 
Flowers usually small and aggregated on a receptacle to 
form a head or capitulum, surrounded by a number of 
green bracts; calyx absent or reduced to a number of 
hairs, the pappus; corolla, five petals united to form a 
tubular or strap-shaped corolla; stamens equal to the 
petals ; anthers form a tube surrounding the style : carpels 
2 ; style single, branching into a two-armed stigma ; ovary 
unilocular, one-seeded. This Order is the largest among 
the Angiosperms, it is widely distributed throughout the 
globe, in a great measure owing to the ease with which 
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the fruits are dispersed by the wind. As an example, we 
may cite the familiar Thistle-down which is blown every 
where by the wind. In this country there are forty-five 
genera belonging to this Order, a few of which are useful, 
many are weeds. 

Bellis perennis — the Daisy. 

Gnaphalium uligtnosum — the Cud-weed, is a common 
annual weed on arable land. 

Anthemis — Chamomile. 

A. nobilis (perennial). A, arvensis and A, cotula (annual) 
are very common weeds. This genus may be distinguished 
by the scaly receptacle. 

Chrysanthemum — Ox-eye. 

C segetum (annual) has yellow flowers, and is a common 
weed, especially on sandy lands. 

C*. kucanthcmum (perennial) has large white flowers, and 
is common on railway banks and in meadows. 

Matricaria — Wild Chamomile or Feverfew. 

M. parthenium (perennial), M, inodora (annual), and M, 
chamomilla (annual), are common weeds in cornfields. 
Matricaria and Anthemis very much resemble each other, 
but Matricaria has a conical receptacle and bracts without 
scarious margins. 

Tussilago farfara — Colts-foot, is a common perennial 
weed. It has two kinds of stems, (i) the vegetative which 
is almost entirely subterranean, bearing only a few angular 
foliage leaves just above the surface of the soil ; and (2) 
special reproductive stems, produced in the spring before 
the leaves appear, which arise from the apex of the under- 
ground stem. These reproductive stems are only an inch 
or so in height, and bear capitula of bright yellow flowers. 
This plant is widely distributed by means of its hairy fruits. 
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Senecio vulgaris — the common Groundsel, is a very 
troublesome annual weed 

Cnicus and Carduus. The species of these two genera 
are commonly known as Thistles. 

Cnicus lanceolaius is the common spear Thistle; C. 
arvensis the creeping Thistle; and C. palustris^ another 
common Thistle, growing often to a great height, and pre- 
ferring moist or wet situations. 

Centaurea — Knap-weed. 

C, nigra — Hard-head, Black Knap-weed, is a common 
plant with purple flowers. 

C, cyanus is the Corn Blue-bottle often grown in gardens. 

Cichorium intybus — Chicory or Succory, is a common 
perennial, with blue flowers. The roots of the cultivated 
chicory are used for mixing with coffee. 

Crepis (Hawk's-beard) and Hieraciutn (Hawk-weed), are 
common weeds often found in meadows. 

Taraxacum officinale is the common Dandelion. 

Lactuca — Lettuce. 

Z. sativa is the garden Lettuce. 

Sonchus — Sow Thistle. 

The three species arvensis (perennial), asper and oleraceus 
(annuals), are common weeds. 

Tragopogon — Goat's-beard. 

T, porrifolius (Salsafy) is grown on account of the edible 
roots. 

Series H. Heteromerse. — Ovary superior, carpels 

more than two. 

PRiMULACEiE — Herbs, easily recognised by the stamens 
and ovary, the former being five, that is, equal to the petals. 
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and placed opposite to them ; the ovary having a central 
axis on which the ovules are placed. 

Primula vulgaris is the common Primrose. 

P, veris the Cowslip. 

Anagallis arvensiSy a small plant with bright red flowers, 
is the Pimpernel or " Poor-man's weather-glass. 

Series III. BicarpellAtSB. — Ovary superior, carpels two. 

BoRAGiNK£ — Herbs, often with very hairy alternate 
leaves, and stems : five sepals ; five petals, imiting to form 
a regular corolla; five stamens. Attached to the petals, 
between each stamen, there is a tongue-like outgrowth 
from the petals, partially closing up the corolla. Ovary, 
two carpels each divided so that the ovary is 4-lobed9 the 
style arising from between the lobes at their bases j each 
lobe contains i ovule, and the fruit when ripe separates as 
four nutlets. 

Symphytum officinale — Comfrey, is a white-flowered herb, 
generally preferring banks of rivers or streams. 

S, asperrimum is the Prickly Comfrey, cultivated for the 
sake of its leaves, which are a useful fodder for cattle. 

Borago officinalis — Borage, is commonly grown in gardens. 

Myosotis — Forget-me-not, Scorpion-grass. 

M, arvensis, a common annual weed in cornfields. 

M, palustris — ^The Forget-me-not. 

Echium vulgare — Viper's Bugloss (biennial), is a weed 
frequently found in chalky fields. 

CoNVOLVULACEiB — Herbs. Stem subterranean and 
aerial, the latter climbing by twining round other plants. 
Flowers regular, funnel-shaped. 

Calystegia sepium — White Convolvulus (Greater Bind- 
weed), is a very pernicious weed in gardens, the white 
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underground stems sending up aerial stems, which twine 
round and smother the crop. The plant is very difficult 
to exterminate, the smallest piece of an underground stem 
serving to raise a new plant. 

Convolvulus arvensts — Bind-weed, is much smaller than 
the last named, but with a very similar habit. 

Cuscuta — Dodder (fig. 98). Stems pinkish white, filiform, 
without chlorophyll, and bearing no leaves. Flowers small 
and inconspicuous, pale pink, borne in clusters on the 
stem ; sepals 5, persistent ; petals 5, with 5 scales between 
the stamens ; carpels 2 ; styles 2 \ ovules 4. Embryo 
coiled round the endosperm. 

The Dodder is a plant to which allusion has previously 
been made, as being devoid of chlorophyll, and thus 
unable to assimilate its own food materials, obtaining its nutri- 
ment after the manner of a fungus. There are four species 
in this country which prey upon a number of plants, among 
which are Clover, Hop, Nettle, Flax, Whin and Heather. 

On the germination of the seed the embryo emerges as a 
whip-like filament (see lower right hand corner of fig. 98), 
yellowish white, which by means of a sticky secretion is 
able to attach itself to any plant with which it may come 
in contact. It then immediately produces suckers (hau- 
storta\ i.e., special outgrowths which penetrate the stem of 
the host-plant, and unite with its tissues, so that the wood 
and bast vessels of the parasite become continuous with 
those of its host. By this means the Dodder draws its 
supplies, and soon puts forth larger and stronger stems 
which, twining round the stems and leaves of the host, 
develop suckers at the points of contact. Continuing to pro" 
duce fresh branches it gradually envelops and exhausts its 
host, and spreads with great rapidity to neighbouring plants. 
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In the Oover field, Dodder often causes great destruction 
to the crop. Its attack presents many analogies with that 
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Fig. 9S {from Krafft\ 
Doddtr (Ci.K«/a Ir^tim pawMVc upon KiJ Clover. The 

flowcn; in ihc lower riahl hAivd corner are two embryos juat 
free froni the Kcd ; f , embryo eiDcrging from Kcd 

of the Fungi, with this difference, however, that the 
workings of the Dodder are plainly to be perceived, while 
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those of the Fungi are invisible to the naked eye. The 
only remedy in this case also is the destruction of the 
parasite, which is only accomplished by destroying the 
plant attacked, and obviously the greatest care should be 
exercised in ensuring that no Dodder seeds are sown with 
those of the Clover. 

SoLANACEiE — Herbs with alternate leaves ; flowers 
regular, sepals, petals, and stamens 5 ; ovary two-celled 
and many ovule^, often subsequently becoming four-celled, • 
and ripening into a berry. 

Solatium dulcamara — Bitter-sweet, a common plant in 
hedges, with red poisonous berries. 

S, nigrum is a small plant with white flowers, an annual 
weed in gardens. 

S. tuberosum — ^The Potato. 

Atropa belladonna — The Deadly-nightshade, one of the 
most poisonous of British plants. It is a shrub, from 2-4 
feet high, with solitary bell-shaped flowers of a dull purple 
hue, and large black berries. 

ScROPHULARiACEiE — Herbs, with alternate leaves; flowers 
irregular ; stamens 4 ; fruit a many-seeded, 2-celled capsule. 

Antirrhinum — ^The Snapdragon. 

Digitalis — Foxglove. 

Veronica — Bird's-eye, Speedwell. Flowers blue, 4 un- 
equal petals, 2 stamens. 

Rhinanthus — Yellow Rattle, a very common weed in 
meadows ; Melampyrum (Cow-wheat) ; Bartsia ; and Eu- 
phrasia (Eye-bright) are semi-parasitic, that is, although 
having green leaves, they attach their roots to those of 
Grasses, and deprive them of the food substances absorbed 
from the soil. 

LABiATiE — Herbs. Stem square ; leaves opposite ; 
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flowers irregular, clustered in the axils of the leaves; 
stamens 4. The structure of the ovary exactly resembles 
that of the Boragineae, but the opposite leaves, irregular 
flowers, 4 stamens and bifid stigma easily mark this Order. 

Prunella vulgaris — Heal-all, is a common weed in 
pastures; Mentha — Mint; Thymus — Thyme; Salvia — 
Sage; Lamium — Dead nettle, are also members of this 
Order. 

PLANTAGiNEiG — Hcrbs ; leaves quite close to the 
ground; flowers in spikes; calyx 4; petals 4, scarious; 
stamens 4; ovary many seeded. 

The Plantain or Rib-wort is very common and con- 
spicuous, its rosette of leaves lying close to the ground, 
from the centre of which the stalk bearing the inflorescence 
arises. The Plantains are very common in lawns, their 
leaves easily spreading over and killing the grass near 
them. 

Apetalsd. 

CHENOPODiACEiE — Herbs, with alternate leaves often 
covered with small glandular hairs, which give them 
a mealy feel to the touch, especially in the younger 
stages. Flowers small, sometimes unisexual; sepals five; 
corolla absent ; stamens opposite sepals ; ovary, one-celled, 
ohe-ovuled ; embryo generally coiled round the endosperm 
(fig. 99, e) 

Beta — Perianth persistent, remaining closely attached 
to the fruit. The " seeds " of the Beet are therefpre fruits, 
with adherent sepals (^.). 

B, vulgaris (fig. 99) — The Common Beet, a native of 
the South of Europe, was extensively cultivated by the 
Romans. 



THE CLASSIFICATION OF PLANTS. 



337 



B. maritima may be found wild on our couts. From 
its cultivation the garden Beet, and the different varieties 
of the Mangold Wurzel have been produced. 

Spinacia okracea — Spinach, introduced into Spain by 
the Arabs, and thence has spread over Europe. 

Chenopodium bonus he/trims {Good King Henry) (peren- 
nial), and C. album (Goosefoot or Fat-hen) (annual), are 
very common weeds. 

PoLVGONACE* — Hcrbs, characterised by the stipules 
which clasp 




mJVntie). 



Fig.99(/>i)i. 
tils jm^arii} ; a, portion ol irnorwcence wiin 
i. truil partiilly mcloMd by sepals; e, fniil ; d, 
lonBitodimJ section of wed, a tsdide, § s«d 



angular, in- 
dehiscent 

Rheum — 
Rhubarb, is 

the most important genus. It is a native of the Central 
and Eastern parts of Asia, and has been introduced 
Westwards. 

Polygonum — Various species of this genus are weeds. 

P. aviculare (Common Knot-grass) is a troublesome 
annual weed. 

P. convolvulus — (Climbing Knot-grass) an annual weed, 
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frequently found in cornfields twining up the steins of 
cereals. 

P, fagopyrutn — Buckwheat, is commonly grown in the 
Eastern Counties, its fruit serving as food for Pheasants 
and Poultry. 

Rumex acetosa (the Sorrel) and R, acetosella (Sheep's- 
sorrel) are common plants, the latter often a troublesome 
weed. 

The other species of Rumex are familiarly known as 
Docks. 

URTiCACEiE — Herbs, provided with stinging hairs upon 
the stems and leaves. Flowers unisexual, clustered together. 
The stamens which are rolled up in the bud, straighten with 
a jerk, and thus scatter the pollen. Ovary one-celled, one- 
ovuled. 

Urtica urens and U, dioica are the common Stinging- 
nettles. 
. Humulus lupulus — The Hop. 

Ulmus — The Elm is generally included in this Order ; 
its stamens, however, are not explosive. 

EuPHORBiACEiE — Herbs, with a milky juice. Flowers 
uni-sexual, consisting of either one stamen, or of a three- 
celled ovary. These very simple flowers are clustered 
together, and surrounded by a cup of 4-5 leaves. The 
species of Euphorbia (Spurge) are common annual weeds. 

E, lathyris is the Caper. 

Buxus — The Box tree; and Mercurialis — Dog's Mercury, 
belong to this Order. 

CuPULiFERiE — Oaks, Hazel, Alder, Beech, Birch. 

SALICINEiE — Willows. 
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Note on the Formation of Starch. 

The account of the manufacture of starch on pages 56-60 s 
mainly derived from the various researches of Sachs ; but since 
the above was written additional and important information on 
the assimilation of leaves has been recently published by Messrs 
Brown and Morris (*'A Contribution to the Chemistry and 
Physiology of Foliage htQ.wGSy* Journal Chem, SoCy May 1893). 
The researches of these authors confirm the view that the starch 
in the chlorophyll corpuscles is not the first product manufactured 
during assimilation, and, further, g^ve very strong evidence that 
the first product of assimilation is cane sugar. They show that 
though " Starch is the first visible product of assimilation, yet 
there can be little doubt (as was, in fact, anticipated by Sachs 
himself) that between the inorganic substances entering mto the 
first chemical process of assimilation and the starch, there is a 
whole series of substances of the sugar class, and that it is from 
the last members of this series that the chloroplasts, under 
normal conditions, elaborate their starch. Both under the 
natural conditions of assimilation and the artificial conditions 
of nutrition with sugar solutions, the chloroplasts form their in- 
cluded starch from antecedent sugar.'' The starch deposited 
in the chlorophyll corpuscles appears to be merely a temporary 
reserve material, only formed in the cell when the amount of 
its assimilated products is beyond that required for immediate 
use, or when the sugar solution has reached a certain degree of 
concentration. 

By a series of very interesting experiments and calculations 
Messrs Brown and Morris have shown that the leaf is continually 
losing its assimilated products, but that under favourable con- 
ditions of sunlight, the rate of depletion is less than the rate of 
assimilation, and in an experiment with the Sunflower {Heli- 
anthus annus) the excess of assimilation over depletion was 
713 grams per sq. m. per hour, on a bright August day. The 
amount of increase in weight due to assimilation was found to 
be one gram per sq. m. per hour ; but the amount of starch 
formed under the same conditions, as determined by another 
experiment, was '12 grams per hour. 
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The dissolution of the starch is another matter of ^eat 
interest. The authors have demonstrated the occurrence of 
diastase in leaves, in sufficient quantity to render soluble all the 
starch in the leaf, and the dissolution of starch is thus mainly 
due to the action of diastase. With reference to the particular 
form in which the carbohydrates pass from cell to cell, the 
analyses of Messrs Brown and Morris point to the fact that the 
cane sugar is transferred as dextrose and levulose, and the 
starch as maltose. 



Note on the Potato Disease. 

Dr J. Boehm, in a recent paper {Sitzungsberichte d. k.k. 
Zoolbot, Gesellschaft in Wien, Bd, xlii,), has thrown some 
doubt upon the assertion that the mycelium of Phytophthera in- 
festans hibernates in the Potato tuber, and gives his opinion 
that the mode in which this fungus passes the winter is entirely 
unknown. He states, as the result of his numerous investiga- 
tions, that a Potato infected with Phytophthera either develops 
a sound plant or produces no plant at all ; that infection can 
only take place on bruised spots, and healthy Potatoes are never 
infected by unsound ones. 



Note on Rust of Wheat. 

Puccinia graminis most frequently attacks the Wheat and 
Rye, and in a less degree Barley and Oats ; but it may also 
often be found upon many other Grasses {Sweet Vernal^ 
Couch-grass^ Meadow Fox-tail^ Cats-tail^ Bent, Quaking- 
grass, CocHs-foot, Yorkshire Fog, Perennial Rye-grass, and 
many others). In some of these {Fox-tail, Cafs-tail, Quaking- 
grass, Yorkshire Fog) the mycelium produces " Summer-spores " 
through the entire year, either exclusively or in addition to the 
"Winter-spores." The fungus, therefore, is able to hibernate 
in these Grasses, and in the following spring to distribute itself 
by means of Summer-spores. This explains the presence of 
" Rust " in localities where no Barberry-bushes are found ; and 
also that the extermination of the Barberry checks but may 
not stamp out the disease, for the fungus hibernating in the 
manner described is able to persist without completing the 
entire cycle. 
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 A 

Absorption of food, 122, 126. 

Aconite, 221. 

Acropetal, 40. 

^cidia, 160. 

-<Ecidio-spores, 160. 

^gopodiufftf 228. 

ALtkusay 228. 

AgrostiSy 193. 

Aira^ 182. 

Albumen, icx). 

Albuminous, 100. 

Alcheniillay 227. 

Aleurone grains, 25, 99, 102, 107. 

ALGiE, 143, 215. 

Allium^ 78, 219. 

Aloe, 220. 

AlopecuruSy 191. 

Alsike clover, 201. 

Alternation of generations, 216. 

AnagalliSf 232. 

Anbury, 145. 

Anemone^ 221. 

Angiospermae, 213, 215, 217. 

Annuals, 4. 

AnthemiSy 230. 

Anther, 85, 92. 

Anthoxanthunty 189. 

AnthriscuSf 229. 

AnthylHsy 49, 199. 

Antirrhinum^ 235. 

APETALiB, 220, 236. 

Apiunty 227. 

APOCARPEiE, 219. 

Apple, 226. 
Aquilegia^ 221. 
Aril, 217. 



Arrhenatkerum, 190. 

Artichoke, 137. 

Ascent of water, 78. 

Ascospores, 165. 

Ascus, 165. 

Asexual reproduction, 133, 144. 

AiropUy 235. 

Automatic, 10. 

Avenaj 46, 177, 179, 180, 182. 

Avens, 227. 

Awn, 178. 

Axil, 68. 

B 

Bacteria^ 209. 
Balsam, 58. 
Barberry, 158-163. 
Bark, 17. 
Barley, 170, 196. 
Bart stay 235. 
Bast, 20, 21, 66, 
Beaked parsley, 229. 
Bean, 8, loi. 
Bean stem, 19, 20, 62, 81 
Bedstraw, 229. 
Beech, 45. 
Beet, 46, 236. 
Beetroot, 23. 
Bellisy 230. 
Bent-grass, 193, 194. 
BerberidE/C, 221. 
Berberisy 222. 
BiCARPELLATiE, 232. 

Biennials, 4, 42. 
Bind- weed, 232. 
Bird's-eye, 235. 
Bird's-foot trefoil, 201. 
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Bitter-sweet, 235. 
Blackberry, 226. 
Black -grass, 192. 
Blade, 44, 175. 
Blue-bell, 230. 
Bokhara clover, 199. 
Boom, 80, 81. 
Borage, 232. 
BoRAGiNBiE, 232. 
Bouillie Bordelaise, 158. 
Box-tree, 238. 
Branching of root, 40. 
Brassica^ 83, 223. 
Briza^ 186. 
Broad bean, 209. 
Broccoli, 223. 
Brome-grass, 183. 
Bromust 183. 
Broom, 199. 
Brussel sprouts, 223. 
Bryony, 227. 
Bryophyta, 213, 215. 
Buckwheat, 237. 
Budding, 138. 
Buds, 4, 68, 77, 78. 
Bulb, 77, 137. 
«* Bull's faces," 182. 
Bundles (tibro-vascular), 19, 

47, 64, 73. 
Bundle sheath, 29, 48. 
Bunium, 228. 
Bunt, 168. 
Burnet, 227. 
Buttercup, 221. 
BuxuSf 238. 



Cabbage, 92, 223. 
CiCSALPiNBiC, 198. 
Calcium, 112, 120. 
Callus, 66, 
Caltka^ 221. 

CALYCIFLOREiB, 226, 

Calystegia^ 232. 
Calyx, 82, 83, 84, 89. 
Cambium, 41, 69,218, 220. 
Campion, 225. 
Candytuft, 224. 
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Caper, 238. 

Caraway, 228. 

Carbon, 12, 13, 112, 115. 

Carbonic acid, 11,56,59, 115, 126 

CarduuSf 231. 

Carnation, 225. 

Carpels, 83, 86, 89, 10 1. 

Carrot, 43, 228. 

Carum, 228. 

CARYOPHYLLACBi^ 224. 

Cat's-tail, 192, 193. 
Cauliflower, 223. 
Cell, 8. 

contents, 22, 24. 

division, 1 1, 14. 

growth of, 13, 14. 

sap, 10, 15, 22, 126. 

wall, 8, 13. 

growth of, 14. 

Cells, dead, 15. 

shapes of, 16. 

Celery, 227. 
Cellulose, 13, 100. 
Centaurea^ 231. 
Cerastium, 225. 
Cereals, 169. 
Charophyllumy 229. 
Chaff, 176. 
Chamomile, 230. 
Charlock, 150, 223. 
CheiranthuSy 224. 

CHENOPODIACEiE, 236. 

Chenopodium^ 237. 

Cherry, 226. 

Chervil, 229. 

Chickory, 231. 

Chickweed, 225. 

Chlorine, 112, 120. 

Chlorophyll, 18, 24,57, 115, 118. 

Chloroplastids, 24. 

Chromoplastids, 24. 

Chrysanthemum^ 230. 

dchorium^ 231. 

Cilium, 148, 155. 

Circumnutation, 38. 

Classes, 215. 

Classification, 213. 

ClavicepSf 164. 
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Cleavers, 229. 
Clematis f 221. 
Clover, 200, 201, 233. 
Cluster cup, 160. 
Club-root, 145. 
CnicuSy 231. 
CockUareay 224. 
Cock's-foot, 183, 184. 
Cohort, 215. 
Colour-bodies, 24 
Coltsfoot, 230. 
Columbine, 221. 
Comfrey, 46, 232. 
COMPOSiTiC, 229. 
Conditions of germination, 107. 
Conidia, 144, 153, 154, 167. 

CONIFERiE, 217. 

Comunif 227. 

Continuity of protoplasm, 13. 

Constituents of plant food, 112. 

CONVOLVULACEiE, 232. 

CotwolvuluSf 232, 233. 

Cork, 17. 

Corm, 78. 

Com Blue-bottle, 231. 

Corncockle, 102, 215. 

Corolla, 82, 84, 89, 94. 

Corpuscle, starch-forming, 24, 76. 

Cortex, 63, 67. 

Cotyledon, 98, 100, 102, 106. 

Couch-grass, 136, 193, 194. 

Cow-grass, 201. 

Cow-parsnip, 228. 

Cowslip, 232. 

Cow-wheat, 235. 

Crambcy 224. 

Crane's bill, 225. 

CreUagus, 227. 

Cremocarp, 227. 

CrepiSt 231. 

Cress, 28. 

Crested do^*s-tail, 186. 

Cross-fertilization, 89. 

Crowfoot, 221. 

CRUCIFERiG, 92, 93, 102, 222. 

Cruciferous, 145, 150. 
Crjrstals, 26. 
Cucurbita^ 67, 227. 



CuCURBITACEiE, 227. 

Cud-weed, 230. 

CUPULIFERiE, 238. 

Cuscuta, 233. 
Cuticle, 46. 
Cutin, 17, 46. 
Cuttings, 137. 
Cydonia, 227. 
CYPERACEiE, 218 

D 

Daciylis, 183, 184. 

Daisy, 230. 

Damping off, 168. 

Dandelion, 231. 

DaucuSy 228. 

Deadly nightshade, 235. 

Dead-nettle, 236. 

Delphinium^ 221. 

Depth of root, 170. 

Determination of grasses, 181. 

Dianthusy 225. 

Diastase, 106. 

Dicotyledon, 99. 

Digitalis^ 235, 

Dioecious, 90. 

DiSCIFLOREiE, 225. 

Disease, 142. 
Distribution by wind, 107. 

by animads, no. 

Division of labour, 6. 

of cells, II, 44. 

Divisions, 213, 215, 
Docks, 23S. 
Dodder, 143, 233. 
Dog's mercury, 238. 
Drainage, 31. 
Drupe, 226. 



"Ear," 176. 

Earth nut, 228. 

Echium^ 232. 

Egg-cell, 88. 

** Eggs and bacon," 201-2. 

Elaters, 216. 

Elm, 238. 

Embryo, 98, 99, 103. 
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Embryo sac, 88, 89. 
Endogenous, 40. 
Endosperm, 180, 233, 237. 
Endospermous, 100, 103. 
Epidermis, 17, 45, 62. 
EpiGYNiB, 229. 
Equisetumt 216. 
Ergot, 164-166. 
Enmm, 203. 
Euphorbia, 238. 
EUPHORBIACEiC, 238. 
Euphrasia, 235. 
Everlasting Pea, 202. 
Exalbuminous, 100. 
Exendospermous, 100. 
Exaascus, 168. 
Extine, 86. 
Eye-bright, 235. 



^-t^^J, 45- 
False oat-grass, 190. 
Fat-hen, 237. 
Fennel, 228. 
Ferment, 106. 
Fertilization, 88, 89. 

cross, 89. 

insect, 91. 

self, 89. 

wind, 91, 96. 

Fescue, 184, 185. 

Festuca, 184. 

Feverfew, 230. 

Fibres, 20, 21, 64. 

Fibro- vascular bundles, iq, 29, 47, 

64. 73- 

Filament, 85. 

Finger and Toe, 145 

Flagging, 56. 

Flax, 225. 

Floating meadow-grass, 102 

Flower, 82. 

of grass, 97. 

Faniculuntj 228. 

Food, absorption of, 122, 126. 

of animals and plants, 2. 

— constituents of, 112. 

of plants, 4, 112. 



Fool's parsley, 228. 
Forget-me-not, 232. 
Fox-glove, 235. 
Fragaria, 135, 226. 
Fruit, loi, 108, no. 
Fumaria, 222. 
FUMARIACEiG, 222. 

Functions of roots, 42. 
Fungus, 5, 143. 
Furze, 198. 



Galium, 229. 
Gamopetal/e, 220, 229. 
Gamopetalous, 84. 
Gamosepalous, 84. 
Garlic, 220. 
Gas-lime, 149. 
Genus, 214. 
Geotropism, 38. 
GERANiACEiB, 225. 
Germination, 105. 

conditions of, 107. 

Germ-tube, 155. 
Geum, 227. 
Giant cells, 145. 
Girder, 80. 
Glumes, 177. 

GLUMIFLOREiE, 2l8. 
Glyceria, 188, 
Gnaphalium, 230. 
Goat's-beard, 231. 
Goosefoot, 237. 
Gorse, 198. 
Gout-weed, 228. 
Grafting, 139. 
GRAMINEiC, 219. 

Grasses, 169. 

determination of, 181. 

Grass, stem of, 70, 72, 81. 
Green manuring, 210. 
Ground tissue, 17, 63. 
Groundsel, 231. 
Growth of cell, 13, 14. 

of cell -wall, 14. 

in length|Of Root, 34 

Guard-cells, 50. 

GYMNOSPERMiG, 2 1 3, 21 7 
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H 

Hairs, 17 {see Root-hairs). 
Hard Fescue, 185. 
Hard-head, 231. 
Hare's-foot trefoil, 201. 
Hariff, 229. 
«* Hassocks," 182. 
Haustoria, 233. 
Hawk*s-beard, 231. 
Hawk-weed, 231, 
Hawthorn, 227. 
Heal-all, 236. 
Hedge-parsley, 228. 
Hedge-mustard, 224. 
HelianthuSf 65. 
Hellebore, 221. 
jfferacleum, 228. 
Herb Robert, 231. 
Hemlock, 227. 

HETEROMERiE, 23 1. 

Hieraciuniy 231. 
Hilum, 102. 
Holcust 189, 190. 
Hop, 238. 
Hop-mildew, 168. 
Hop-trefoil, 201. 
Hordeum^ 196. 
Horse-radish, 224. 
Horse-tail, 216. 
Humulus^ 238. 
Hyacinth, 77, 137. 
Hybridization, 133. 
Hydrogen, 12, 13, 112, 115. 
Hypha, 144. 
HvPOGYNiE, 219. 

; 

IberiSf 224. 

Increase in thickness of roots, 41. 

Indian corn, 36, 37. 

Infected cells, 208. 

Inflorescence, 176. 

Insect pests, 5. 

fertilization, 91. 

Integument, 86, lOO. 
Intercellular spaces, 1 8, 47. 
Intine, 86. 



Inulin, 25. 
Iron, 112, 118. 
Irritable, 10, 39. 
Italian rye-grass, 196. 

K 

Kainit, 1 1 8, 119. 
Kidney vetch, 199. 
Knap- weed, 231. 
Knight's wheel, 38. 
Knot-grass, 237. 
Kohl-rabi, 223. 



LABiATiE, 235. 
Lactuca^ 231. 
Ladies-mantle, 227. 
"Ladies'.fingers," 198. 
**LamVs toes," 202. 
Lafniuntf 236. 
Larkspur, 221. 
Lateral roots, 40. 
LaihyruSy 202. 
Layering, 137. 
Laying, 172. 
Leaf, 44, 175- 

skeleton, 50* 

Leek, 219. 
Legume, 197. 

LEGUMiNOSiE, 93, 197, 226. 
Length of roots, 170. 
Lentil, 203. 
Lepidiutfty 28, 224. 
Lesser yellow trefoil, 201. 
Lettuce, 231. 
Leucoplastids, 24. 
Light, 54, 59. 
Ligule, 176. 
LiLiACEiE, 219. 
JLilium, 220. 

LiNACEiE, 225. 

Linseed, 225. 
Lodicules, 178, 180. 
Loltum, 195. 
Lucerne, 199. 
Lupin, 203, 206. 
l.ychnisy 102, 225., 
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M 

Magnesium, 112, 12a 

Mangold wunel, 237. 

Manuring, green, 21a 

Marsh bent, 193. 

Marsh marigold, 221. 

Mat-grass, 196. 

Matricaria^ 23a 

Meadow fescue, 185. 

Meadow fox-tail, 191, 192. 

Meadow-grass, 186. 

Meadow-sweet, 227. 

Mechanical cells, 18, 19. 

Mechanics, 5. 
Medicago^ 199. 

Medick, 199. 

Medullary ray, 63, 64, 79. 
Melampyrum, 235. 
Meulot, 199. 
Members, 6. 
Mentha^ 236. 
MereuriaiiSf 238. 
Mericarp, 227. 
Mesophyll, 46. 
Micro-organisms, 117, 207. 
Micropyle, 86, 88, 89, 98, 102, 
105. 

Milkwort, 224. 
Millet, 175. 
Milium^ 175. 
Mimosa^ 197. 
MiMOSEiE, 197. 
Mint, 236. 
Modification, 6, 77. 
Modified, 82. 

MONCX:OTYLEDONS, l8, I9, 2l8. 

Monoecious, 90. 
Mosses, 215. 
Mustard, 33. 

white, 212. 

Mycelium, 144. 
Myosotisy 232, 



N 



Nardusy 196. 
Nasturtion, 58, 60. 
NasUtriium^ 224. 



Nectary, 91. 

N^ative pressure, 33, 55. 

Nettle, 236, 238. 

Nitrates, 116. 

Nitric add, 117. 

Nitrification, 117, 207. 

Nitrogen, 12, 112, 116, 203, 206. 

— ^ — sources of, 117. 

Nitrogenous, 25, 60, 102, 104. 

Nodules, 207. 

Non-nitrogenous, 25, 60, 99, 102, 

104. 
Nucellus, 86, 88. 
Nucleus, 10, 12. 

NUDIFLORBiE, 2l8. 

o 

Oat, 46, 129-131, 170, 176-180, 

182, 211. 
(Enanthiy 228. 
Onion, 77, 78, 137, 219. 
OnobrychiSf 202. 
Ononis y 199. 
Organs, 7. 

Oosphere, 88, 89, 98, 140, 216. 
Oospore, 89, 98, 140. 
Ovary, 86. 
Ovule, 86, ^. 
Ox-eye, 230. 
Oxygen, 11, 12, 13, 108, 112, 115. 



Pales, 177. 
Papilionace^b, 198. 
Palisade, 47. 
Panicle, 176. 

PAPAVEKACEie, 222. 

Parenchymatous, 16, 18, 20, 21. 

Parasites, 143. 

Parsley, 228. 

Parsnip, 43, 228. 

Path-finder, 91. 

Pea, 93-95, loi, 197, 203. 

Pear, 226. 

Perennials, 4, 42. 

Pericarp, loi, 103, 180. 

Perithecia, 165. 

PETALOIDEiE, 2 1 9. 
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Petals, 83, 84. 
Petroselinum^ 228. 
PhaseoluSy 203. 
Phleutn^ 192, 193. 
Phosphorus, 12, 114, 118. 
Phytophthoray 151 -157. 
Pilewort, 221. 
Pimpernel, 232. 
Pink, 225. 
Pistil, 82, 86, 95. 
Pisum, 93-95, 203. 
Pith, 63. 
Pits, 15. 

PLANTAGINEiE, 236. 
Plantain, 236. 
Plum, 226. 
Plumule, 98, 102. 
Poa, 186 

Pocket-plums, 168. 
Podosphara^ 168. 
Pollen, 85. 86, 88, 96. 
Pollen- tube, 89. 
Pollination, 88. 
PolygalOy 224. 

POLYGALACE^, 224. 
POLYGONACEiE, 237. 

Polygonum^ 237. 

POLYPETALiE, 220, 221. 

Polypetalous, 84. 
Polysepalous, 84. 
Poppy, 222. 
Potassium, 112, 119. 
Potato, 73, 75, 137, 151-157- 

disease, 150. 

stem, 73. 

Potentilla^ 227. 
PoteHum^ 227. 
Prepotency, 90, 133. 
Prickley comfrey, 46. 
Primary roots, 40. 
Primrose, 232. 
Primula^ 232. 
Prosenchymatous, 16, 18. 
Protection, 3. 
Proteid, 60, 99, 112. 
Prothallium, 216. 
Protoplasm, 8, 10, 112. 
continuity of, 13. 



Prufiellay 236. 
Prunus, 226. 

Pteridophyta, 213, 216. 
Puccinia^ 158-163, 222. 
Puel's vernal-grass, 189. 
Pumpkin, 67, 227. 
Pyrus, 226. 
Pythium^ 168. 



Quaking grass, 176, 186. 
Quince, 227. 

R 
Radicle, 98, 102. 
Radish, 224. 
Ragged Robin, 225. 

RANUNCULACEiE, 221. 

Ranunculus^ 221. 
Rape, 83, 223. 
Raphanus, 224. 
Raphides, 26, 120. 
Raspberry, 226. 
Receptive, 11. 
Replum, 222. 
Reproduction, 12, 132. 

asexual, 133, 140, 144. 

sexual, 133, 140, 144. 

vegetative, 133, 134, 139, 144- 

Reserve material, 4, 25, 42, 100. 

Respiration, 11, 56, 115. 

Respiratory, ii. 

Rest harrow, 199. 

Rheunty 237. 

Rhinantkus, 235. 

Rhubarb, 237. 

Rib-wort, 236. 

Root, 27, 169. 

branching, 40. 

cap, 37; 

cultivation, 43. 

depth, 170. 

functions, 42. 

growth in length, 34. 

hairs. 30, 31, 34, 52, 79, 122, 

126, 128. 

increase in thickness, 41. 

lateral, 40. 
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Root, length, 170. 

pressure, 32, 79. 

primary, 40. 

structure, 27. 

Rose, 226. 
RosACEiE, 226. 
Rotation of crops, 128. 
Rough-cap, 182. 

Rough-stsuked meadow-grass, 187, 
188. 

RUBIACBilS, 229. 
/^udus, 226. 
Rumex^ 238. 
Runches, 223. 
Runner, 135. 
Rust of wheat, 158. 

Rye, 71. 173. 174. 

grass, 195. 



Sain-foin, 202. 
Sage, 236. 
SALiciNEiC, 238. 
Salsafy, 231. 
Saijna, 236. 
Sanguisorba^ 227. 
Sap-cavities, 10, 15. 
Saprophytes, 143. 
Sarothamnus, 199. 
Savoy, 223. 
Scandix^ 229. 
Scarlet runner, 203. 
Scilla^ 220. 
Sclerotia, 164. 

SCROPHULARIACEiC, 235. 

" Scutch,*' 194. 

Scutellum, 103, 107. 

Sea-kale, 224. 

Seeale^ 71, 174. 

Sedges, 218. 

Seed, 100, 109. 

Seed-leaf, 99, 100, 102. 

Selective power, 127. 

Self-fertilisation, 89. 

SeneciOj 231. 

Sepals, 83. 

Series, 215. 

Sexual reproduction, 133, 140, 144. 



Shallot, 219. 
Sheath, 44, 175. 
Sheep's fescue, 176, 185. 
Shepherd's-needle, 229. 
Sieve-tubes, 21, 22, 60, 66. 
Silica, 115, 120, 127, 172. 
Siliqua, 223. 
Sinapisy 33, 223. 
Sisymbium, 224. 
Slime-fungi, 146. 
Smooth meadow-grass, 187. 
Smut, 167. 
Snap-dragon, 235. 
Sodmm, 115. 
Soil, 30, 55. 

SOLANACEiE, 235. 

Solanum, 235. 
SanchuSy 231. 
Sorrel, 238. 
Sow thistle, 231. 

SPADICIFLOREiG, 2l8. 

Spathe, 218. 

Species, 213, 215. 

Speedwell, 235. 

Spelt, 194. 

Spergula, 225. 

Sphacelia, 165. 

Spiderwort, 51. 

Spikelets, 17*6, 177. 

Spinach, 237. 

Spirea^ 2.2'j, 

Spongy parenchyma, 47. 

Spores, 144, 147, 167, 216. 

Sporidia, 144, 167. 

Spring-spores, 160. 

Spurge, 238. 

Spurry, 225. 

Stalk, 44. 

Stamen, 82, 83, 85, 89, 95. 

Starch, 25, 56, 76, 99. 

Starch-forming corpuscles, 24, 76. 

Stellariay 225. 

Stem, 171. 

Stem growth in length, 66. 

thickness, 68. 

mechanics, 79. 

modifications, 77. 

of bean, 62, 81. 
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Stem of grass, 70, 72, 81. 

of potato, 73. 

Stigma, 86, 89, 92, 97. 

Stinging nettles, 238. 

Stipules, 44. 

Stitchwort, 225. 

Stock, 224. 

Stolon, 136. 

Stoma, 17, 45, 50, 52. 

Store-house, 6, 7. 

Strawberry, I35) 226, 

Stroma, 164. 

Struggle for existence, 4, 79. 

Style, 86. 

Sub-classes, 215. 

Suberin, 17. 

Sucker, 136. 

Sugar, 25, 61, 106. 

Sulphur, 12, 112, 118. 

Summer-spore, 162. 

Sunflower, 65. 

Swede, 223. 

Symphytum^ 232. 

SvNCARPEiE, 219. 



Tannin, 26. 
Tap root, 40. 
Taraxacum^ 231. 
Tare, 202. 
Tartarian oat, 182. 
Teleuto-spore, 162. 
Temperature, 10, 54. 
Testa, 100, loi, 103. 

THALAMIFLOREiE, 221. 

Thallophyta, 143, 213, 215. 

Thistle, 231. 

Thorns, 3, 6, 7» 

Thyme, 236. 

Tillering, 171. 

Tilletia, 168. 

"Timothy," 192. 

Tissue, 16. 

ToriliSy 228. 

Tracheide, 48. 

Tragbpogon^ 231. 

Tradescantia^ 51. 

Transpiration, 52, 79. 



Traveller's joy, 221. 

Trifolium^ 200. 

Triticum, 32, 178, 179, I94» 214, 

215. 
Tropceoluniy 58, 60. 
Tuber, 137. 
Tubercles, 207. 
Tulip, 220. 
Turnip, 223. 
TussilagOf 230. 
"Twitch," 194. 



U 



Ulex, 198. 
Ulmiis^ 238. 

UMBELLIFERiE, 227. 

Uredo-spore, i6i. 
Urtica^ 238. 
URTICACEiE, 238. 

UstilagOy 167. 



Vacuoles, lo, 22. 

Varieties, 214. 

Vascular cryptogams, 216. 

Vegetative reproduction, 133, 134, 

139, 144. 
Venation, 48. 

Veronica^ 235. 

Vessels, 20, 64. 

Vetch, 202, 205. 

Vicia, 202. 

Vtciafaba, 18, 62, loi, 209. 

VioLACEiE, 224. 

Viper's bugloss, 232. 

W 

War between animals and plants, 

3» 5- 
Waste products, 26. 

Water, ascent of, 78. 

per cent, of, 113. 

Water drop-wort, 228. 

Water-cress, 224. 

Water culture, 121. 

Water meadow-grass, 188. 
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Web, 80, 81. 

Wind distribution, 109. 

Wind fertilization, 91, 96. 

Windsor bean, 202. 

Wood, 20. 

Wheat, 32, 157, 176, 179, 194, 

214. 
"Whickens,"i94. 
Whin, 198. 
White mustard, 212. 
Wild oat, 183. 
Winter-spore, 162. 
Wood meadow-grass, 187. 



Xylem, 20. 



Yellow oat -grass, 183. 

Yellow rattle, 235. 

Yew, 217. 

Yorkshire-fog, 176, 189, 190. 



^«. 36, 37i 104. 
Zoospores, 155. 



TURNBULL AND SPEARS, PRINTERS, EDINBURGH. 



GUARANTEED 



GRASS SEEDS. 



JAHKS HUKTKR, Chester, 

Who originated and introduced the system of selling GRASS, CLOVEK, 
and all other FAKM SEEDS of Gaanuiteed Purify, Ciennlneiies§9 and 

Percentage of Ciemiliiatloii, is now offering these Seeds on very 
advantageous terms to buyers, and invites comparison of his prices and 
guaranteed percentages of germination with those of other houses. 

PRICKS FOR 1893. 









Guaranteed 






percentage of 


Price per lb. 






germination. 








s, d, s, d. 


Cocksfoot . . .! 90 to 95 


• 8^ to 10 


Meadow Fescue 






95 ». 98 


8j ,, 10 


Tall Fescue 






8c „ 90 


II „ I 3 


Catstail or Timothy 






92 ., 98 


4 ,, 6 


Meadow Foxtail . 






70 „ 80 


9J „ I I 


Hard Fescue , . 






85 „ 90 


6 „ 7 


Perennial Rye Grass 






85 ,, 90 


3 n 3i 


Italian Rye Grass . 






80 ,, 90 


si » 42 


Red Qover 






96 „ 98 


9 ,, I 


Perennial Red Clover 






96 M 98 


II ,, I 2 


White or Dutch Clover 






90 M 96 


I „ I 3 


Alsike Clover 






. 95 .. 98 


II ,, I 2 


Trefoil or Yellow Clover 








95 ,. 98 


4J ,, 6 



The Purity, Genuineness, and Percentage of Germination of All Seeds are 
gnanuiteed. For full particulars sec Price List, sent free on application. 

All Seeds are supplied separately, and are offered and sold subject to the 
analysis of the Consulting Botanist to the Royal Agricultural Society of 
England, 

REDUCED PRICES FOR LARGE QUANTITIES. 

FlTe per Gent. Dlioonnt for Caih. 

SEEDS DELIVERED CARRIAGE FREE, 



Treatise on Permanent Pasture Grasses, and the Adulteration of their Seeds, 
and Price List of Agricultural Seeds for 1893, free on application. 
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Messrs. Methuen's 

ANNOUNCEMENTS 



Poetry 



Bndyard Kipling. BALLADS. By Rudyard Kipling. 

Crown fotf. Buckram. 6s. 
The amuNncenMnt of a new Tolume of poetry firom Mr. Kipling will ejccite wide 
intereit The exceptional tnccesi of ' Bairack-Room Balladi,* with which this 
^mne will be onilonn, Jostifiet the hope that die new book too will obtaun a 
wide popolarity. 

W. E Henloy. ENGLISH LYRICS. Selected and Edited by 
W. E. Henlby. Crcwn Svo. Buckram, 6s, 
Also 30 copies on hand-made paper Demy 8cv. £1, is. 
Also 15 copies on Japanese paper. Demy Svo, £2, 2s, 
Few announcements will be more welcome to lovers of English verse than the <Nie 
that Mr. Henley is bringing together into (me book the finest lyrics in onr 
Ungnage. Robust and original the book will certunly be, and it will be pro- 
duced with the same care that made ' Lyra Heroica* delightful to the hand and 
eye. 

"Q- THE GOLDEN POMP : A Procession of English Lyrics 
firom Surrey to Shirley, arranged by A T. Quillsr Couch. Crvrtm 
8<v. Buckram, 6s, 
Also 30 copies on hand-made paper. Demy %vo, £1, is. 
Also 15 copies on Japanese paper. Demy Svo, £2, 2s. 
Mr. Quiller Conch's taste and sympathy mark him out as a bom anthol<^st, and 
out of the wealth of Elisabethan poetry he has made a book of great attraction. 

H. 0. Beaching. LYRA SACRA : An Anthology of Sacred Verse. 
Edited by H. C. Bkbching, M.A Crown ^vo. Buckram, 6s, 
This book will appeal to a wide public. Few languages are richer in serious vexse 
than the Englidi, and the Editor has had some difficulty in confining his material 
within his limitt. 

W B. Teats. A BOOK OF IRISH VERSE. Edited by W. B. 
Yeats. Crown 8sw. p, 6d, 
An anthology of Irish poetry selected byaa editor wliose own verse haa won a con- 
siderable reputation. 
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Messrs. Methuen's List 



Fiction 

Messrs. Mrthuen call attention to the fact that the following novels 
are issued for the first time in one volume instead of in the old two and 
three volume form. 

Gilbert Parker. THE TRAIL OF THE SWORD. By 
Gilbert Parker, Author of * Pierre and his People/ etc Crozvn 
Svo. 6s, 

A historical romance dealing with the stirring period in tbe history of Canada in 
which France and England were contending for its possession. 

Anthony Hope. A MAN OF MARK. By Anthony Hope, 

Author of 'The Prisoner of Zenda/ <The God in the Car,' etc. 
Crown Sv0, 6s. 
This is a re48sae of Anthony Hope's first noveL It has been oot of print for some 
3rears, and in view of the great popularity of the anthor, it has been reprinted. It 
b a story of political adventore in Sondi America, and ts rather in the style of 
* The Prisoner of Zenda.' 

Mrs. Clifford. A FLASH OF SUMMER. By Mrs. W. K. 
Clifford, Author of ' Aunt Anne,' etc. Crown %vo* 6j. 

This is the first long story which Mrs. Clifford hiv> written since the remarkably 
snocessful ' Aunt Anne.' 

IL Iff. Dowle. GALLIA. By Mene Muriel Dowie. Author 
of ' A Girl in the Carpathians.' Crown Svo, 6s, 
This is a story of modem society by the author of ' A Girl in the Carpathians,' which 
was probably one of the most popular books of travel ever published. 

Mrs. OUphaat. SIR ROBERTS FORTUNE. By Mrs. 
Oliphant. Crown 8cv. 6s, 

BCrs. Pinaent. CHILDREN OF THIS WORLD. By Ellen 
F. PiNSENT, Author of • Jenny's Case.* Crown 2fvo, 6s, 
A story of modem life and thought, being a study of two opposite types— the 
Christian and the Agnostic. Mrs. Pinsent's first book was very succes^ixl, and 
the leading critics spoke of it as a remarkable and powerful story, and as one which 
made them look forward with keen interest to the author's next book. 

W. B. Norrifl. THE DESPOTIC LADY AND OTHERS. 
By W. E. NORRis, Author of ' The Rogue/ etc Croitfn 8zv. 6;. 

& P. Benson. LADY MASSINGTON'S RESURRECTION, 
AND OTHER STORIES. By E F. Bbmson, Author of Doda' 



4 Messrs. Methuen's List 

JoUan Oorbett. A BUSINESS IN GREAT WATERS. By 
Julian Corbbtt, Author of 'For God and Gold/ 'Cophetua 

Xlllth.,' etc. Crcwn Svo. 6s. 

This is a historical romance of the time of the French Revoliition by a writer whose 
previous stories have been much praised for their ' romantic beauty and profound 
interest and nervous strength of style.' Many critics noticed their 'wnolesome 
freshness ' and ' vivid reproduction of the past. 

Gilbert Parker. AN ADVENTURER OF THE NORTH. 
By Gilbert Parker, Author of 'Pierre and his People,* 'The 

Translation of a Savage,' etc. Crown Svo, 6s, 

This book consists of more tales of the Far North^^and contains the last adventares 
of ' Pretty Pierre.' Mr. Parker's first volume of Canadian stories was published 
about two years ago, and was received with unanimous praise. 

PhiUpps-Woolley. THE QUEENSBERRY CUP. A Tale of 
Adventure. By Clive Philipps Woolley, Author of * Snap,* Part 
Author of 'Big Game Shooting.' Illustrated. Crown Svo. 6s. 

This is a story of amateur pugilism and chivalrous adventure, written by an author 
whose books on sport are well known. 

Miss Benson. SUBJECT TO VANITY. By Margaret 
Benson. With numerous Illustrations. Crown Svo, y. 6d, 
A volume of humorous and sympathetic sketches of animal life and home pets. 

NEW EDiriONS 

Anthony Hope. THE GOD IN THE CAR. By Anthony 

Hope, Author of 'A Change of Aur,' etc. Sixth Edition. Crown 
Svo, 6s, 

* This is, indeed, a ver^ remarkable book, deserving of critical analysis impossible 

within our limits ; brilliant, but not superficial ; well considered, but not elabor- 
ated ; constructed with the proverbial art that conceals, but yet allows itself to be 
enjoyed by readers to whom fine literary method is a keen pleasure ; true without 
cynicism, subtle without^ affectation, humorous without strain, witty without 
offence, inevitably sad, with an unmorose simplicity.' — World. 

* Immeasurably better than anything Mr. Hope has done before. A novel eminently 

worth reading, full of brilliance, fire, and daring.' — Manchester Guardian. 

* Ruston is drawn with extraordinary skill, and Maggie Dennison with many subtle 

strokes. The minor characters are clear cut In short the book is a brilliant one. 
"The God in the Car " is one of the most remarkable works in a year that has 
given ys the handiwork of nearly all our best living novtlists.'— standard. 

Baring Gould. KITTY ALONE. By S. Baring Gould, 

Author of *Mehalah,* 'Cheap Jack Zita,' etc. Second Edition. 
Crown Svo. 6s, 

* If anv one wants — and in days when so much fiction is morUd and depressing it is 

to the credit of human nature to believe that man^ persons must want — ^a book 
brisk, clever, keen, healthy, humorous, and interestmg, he can scarcely do better 
than order " Kitty Alone. ' — National Observer, 
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MATTHEW AUSTIN. By W. E. NORRis, Author of 
' Mdle. de Mersac,' etc. Second Edition. Crown Sv0. 69. 

* It would be a strangely nosympathetic and cynical person who cottid read the life- 
story of Matthew Austin, the singularly unselfish and gentle-natured country 
doctor, without affectionate sympathy . . . ''Matthew Austin" may safely be 
pronounced one of the most intellectually satisfactory and morally bracing novels 
of the current year.' — Daily Telegraph, 

Mrs. Watson. THIS MAN'S DOMINION. By the Author 
of * A High Little World.* Second Edition, Crown Sz/o, y, 6d, 

' It is not a book to be read and forgotten on a railway journey, but it is rather a 
study of the perplexing problems of life, to which the reflecting mind will 
freauently return, even though the reader does not accept the solutions which the 
auttior suggests. ^ In these days, when the output of merely amusing novels is so |, 

overpowering, this is no slight praise. There is an underlying depth in the story - i 

whicn reminds one, in a lesser degree, of the profundity of George Eliot, and ' 

" This Man's Dominion *' is by no means a novel to be thrust aside as exhausted at I 

one perusal.'— jD«»i^^ Advertiser. 

Bichaxd Pryce. WINIFRED MOUNT. By Richard Pryce. 



History 



Oibbon. THE DECLINE AND FALL OF THE ROMAN 
EMPIRE. By Edward Gibbon. A New Edition, edited with 
Notes and Appendices and Maps by J. B. Bury, M.A., Fellow of 
Trinity College, Dublin. In Seven Volumes, Crown Svo, 

The time seems to have arrived for a new edition of Gibbon's great work— furnished 
with such notes and appendices as may bring it up to the standard of recent his- 
torical research. Edited by a scholar who has made this period his special study, 
and issued in a convenient form and at a moderate price, this edition should ml 
an obvious void. 

Horsburgh. THE CAMPAIGN OF WATERLOO. By E. L. 

S. Horsburgh, M.A, With Plans. Crown Svo, $s. 

This is a full account of the final struegle of Napoleon, and contains a careful study 
from a strategical point of view of the movements of the French and allied armies. 

George. BATTLES OF ENGLISH HISTORY. By H. B. 
George, M.A, Fellow of New College, Oxford. IVitA numerous 

Plans, Crown Svo, 6s, 

This book, by a well-known authority on military hbUnry, will be an inmortant 
contribution to the literature of the subject. All the great battles of English 
history are fully described, and connecting chapters carefully treat of the changes 
wrougnt by new discoveries and developments. 
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Second Edition, Crown Svo, y, 6d, | 

The * Sussex Daily News' called this book *a deligkt/ul st&rif^ and said that the ' 

writing was ' umforndy hright andgrauful. ' The ' Daily Telegraph ' said that the 
author was a ' M/i and elegant story-teller* and that the book was ' an extremely - 

clever story ^ utterly untainted by ^simism or vulgarity. * 
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Oscar Browning. THE AGE OF THE CONDOTTIERI : A 

Short Histoiy of Italy from 1409 to 153a Bj Oscar Browning, 

M. A, Fellow of King's College, Cambridge. Crown 8cv. 5x. 

This book is a continuation of Mr. Browning's ' Gnelphs and Ghibellines,' and the 
two worics fonn a oomplele account of Italian history from laso to 1530^ 



Biography 



Southey. ENGLISH SEAMEN (Howard, Cliffoid, Hawkins, 
Drake, Cavendish). By Robert Southey. Edited, with an 
Introduction, by David Hannat. Civwn ^vo. dr. 
This is a reprint of some excellent biographies of Elizabethan seamen, written by 
Southey and never republished. They are practically unknown, and they de- 
serve, and will probably obtain, a wide popularity. 

Ontts. AUGUSTINE OF CANTERBURY. By E. L. 

CUTTS, D.D. Crown Zvo. ^s, 6d. {Leaders of ReUgunu 

A biography of the first Archbishop of Canteibury, containing a fgdrly iull account 
of the conversion of England. 

Hutton. WILLIAM LAUD, ARCHBISHOP OF CANTER- 
BURY ! A Biography. By W. H. Hutton, M.A, Fellow and 
and Tutor of St. John's CoU^e, Oxford. Crown ^0, 35. 6d. 

{Leaders of Religion, 

Mr. Hutton has made a special study of the life and times of Laud, and as the 
guardian of the Landian relics and mss. at OzfMd, has been able to throw new 
light on various qpisodes in his career. 

Mn. Oliphant THOMAS CHALMERS. By Mrs. Ouphant. 
IVUh a Poriraii* Second Edition, Crown 8tv. 3/. td, 

[Leaders of Religion, 

Lock. JOHN KEBLE. By Walter Lock, Sub-Warden of 
Keble College. With a Portrait. Seventh Edition, Crown %vo, 
is, 6d. [Leaders of Religion. 

General Literature 

FUnden Petrio. EGYPTIAN DECORATIVE ART. By 
W. M. Flinders Pbtrie, D.CI* With lao Illustrations. Crown 
Siuo, 31. 6d, 
A book which deals with a tabject wUcb hM never y«l been teriooily trwMd. 
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FlindeiB Petrio. EGYPTIAN TALES. Edited by W. M. 
Flinders Pstrib. Illustrated by Tristram Elus. Cr(nvn ^o. 
3J. 6d, 
A selection of the ancient tales of Egypt, edited from original sowceSi and of great 
importance as illostrating the life and society of andent Egypt. 

Ouida. ESSAYS by OuiDA- Crown Zvo, 6s. 
This volume contains the following articles : — 



Vulgarity. 

O Beati Insipientes 1 

Cities of Italy. 

The Failure of Christianity. 

The Sins of Society. 

The Passing of PhilomeL 

The Italy of To-day, 

The Blmd Guides of Italy. 

L'Uomo Fatale. 



The New Woman. 

Death and Pity. 

Conscription. 

Shelley. 

Some Fallacies of Sdence. 

Female Suffrage. 

Gardens. 

The State as an Immoral Factor. 

The Penalties of a Well-Known Name. 



Oliphant. THE FRENCH RIVIERA. By Mrs. Oliphant 

and F. R. Oliphant. With Illustrations and Maps. Crown 8zv. 

6s, 

A volume dealing with the French Riviera frmn Toulon to Menfeone. Without fill- 
ing within the guide-book category, the book will supply some useful practical 
information, while occupying itself chiefly with descriptive and historical matter. 
A ^>ecial feature inll be the attention directed to those portions of the Riviera, 
which, though full of interest and easily accessible from many well-frequented 
spots, are generally left unvisited by English travellers, such as the Maures 
Mountiuns and the St. Tropez district, the country lying between Cannes, Grasse 
and the Var, and the magnificent valleys behind Nice. There will be several 
original illustrations. 

Shedlock. THE PIANOFORTE SONATA: Its Origin and 
Development By J. S. Subdlock. Crown 8zv. 5^. 
Thb is a practical and not unduly technical account of the Sonata treated hist<m- 
cally. It contains several novel features, and an account of various works littta 
known to the English public. 

Dixon. A PRIMER OF TENNYSON. By W. M. Dixon, 
M. A., Professor of English Literature at Mason College. Fcap, Szv. 
IS, 6d, 
This book consists of (x) a succinct but complete biography of Lord Tennyson; 
(a) an account of the volumes published by him in chronological order, dealing with 
the more important poems separately ; (3) a concise criticism of Tennyson in his 
various aspects as lyrist, dramatist, and representative poet of his day; (4) • 
bibliography. Such a complete book on such a subject, and at such a moderate 
price, should find a host of readers. 
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THE christian YEAR. By JOHN Keble. With an Intro- 
duction and Notes by W Lock, M. A. » Sub- Warden of Keble Collie, 
Author of *The Life of John Keble.' Illustrated by R. Anning 
Bell. Fcap. Szw. 31. 6d, 

A charming edition of a famous book, finely iilostrated and printed in black and red, 
uniform with the ' Imitation of Christ.' 

Theobald. INSECT LIFE. By F. W. Theobald, M.A. 

Illustrated, Crown ^vo, 2s, 6d, [Univ. Extension Series^ 



English Classics 

Edited by W. E. Hknlby. 

Messrs. Methnen propose to publish, under this title, a series of the masterpieces of 
the English tongue, which, while well within the reach of the average buyer, shall 
be at once an ornament to the shelf of him that owns, and a delight to the eye of 
him that reads. 

The series, of which Mr. William Ernest Henley b the general editor, will confine 
itself to no single period or department of literature. Poetry, fiction, drama, 
biography, autobiography, letters, essays — in all these fields is the material of 
many goodly volumes. 

The books, which are designed and printed by Messrs. Constable, will be issued in 
two editions— ^z) A small edition, on the finest Japanese vellum, demy 8vo, aix. a 
volume nett ; (a) The popular edition on laid paper, crown 8vo, buckram, 3;. 6d, a 
volume. 

The following are some notices which have appeared on ' TRISTRAM 
SHANDY,' the first volume of the series : — 

'Very dainty volumes are these ; the paper, type, and light green binding are all 
very agreeable to the ejre. ''Simplex munditiis" is the phrase that might be 
applied to them. So far as we know, Sterne's famous work has never appeared in 
a guise more attractive to the connoisseur than this.' — GMe, 

* The book b excellently printed by Messrs. Constable on good paper, and being 

divided into two volumes, is light and handy without lacking the dignity of a 
c\aMAc*— Manchester Guardian. 

* This new edition of a great classic might make an honourable appearance in any 

library in the world. Printed by Constable on laid paper, bound in most artistic 
and restful-looking fig-green buckram, with a frontispiece portrait and an introduc- 
tion by Mr. Charles Whibley, the book might well be issued at three times its 
present price.'— /mA Independent. 

'Cheap and comely ; a very agreeable edition.'— .S'a/wn/a;' Review. 

'A real acquisition to the \i\it2Lty.*—Birmit^ham Post, 



Messrs. Methuen's List $ 

THE COMEDIES OF WILLIAM CONGREVE. With an 
Introduction by G. S. Street, and a Portrait. 2 vols. 

25 copies on Japanese paper. 

THE LIVES OF DONNE, WOTTON, HOOKER, HERBERT, 
AND SANDERSON. By Izaak Walton, With an Introduction 
by Vernon Blackburn, and a Portrait. 
25 copies on Japanese paper. 

THE ADVENTURES OF HADJI BABA OF ISPAHAN. 
By Jambs Morier. With an Introduction by E. S. Browne, M. A. 
25 copies on Japanese paper. 

THE POEMS OF ROBERT BURNS. With an Introduction 
by W. £. Henley, and a Portrait 2 vols, 

30 copies on Japanese paper. 

THE LIVES OF THE ENGLISH POETS. By Samuel 
Johnson, LL.D. With an Introduction by John Hepburn 
Millar, and a Portrait 3 vols, 

30 copies on Japanese paper. 



Classical Translations 

NEW VOLUMES 
Crown S«v. Finely printed and hound in blue buckram, 

SOPHOCLES— Electra and Ajax. Translated by £. D. A 
MoRSHEAD, M.A., late Scholar of New College, Oxford; Assistan 
Master at Winchester, zs, 6d, 

TACITUS— Agricola and Gennania. Translated by R. B. 
TowMSHBND, late Scholar of Trinity College, Cambridge. 2s, 6d, 

A2 
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Poetry 



Budyard Kipling. BARRACK-ROOM BALLADS; And 
Other Verses. By Rudyard Kipling. Seventh Edition, Crowtt 
Szw» dr. 

A Special Presentation Edition, bound in white buckram, with 
extra gilt ornament 7x. 6d, 

* Mr. Kipling's verse is strong, vivid, full of character. . . . Unmistakable genius 

rings in every line.' — Tiffus. 

* The disreputable lingo of Cockavne is henceforth justified before the world ; for a 

man of |[enius has taken it in hand, and has shown, beyond all cavilling, that in 
its way it also b a medium for literature. You are grateful, and you say to 
yourself, half in envy and half in admiration : " Here is a ^k ; here, or one b a 
Dutchman, b one of the books of the year." ' — National Obstrvtr, 

* ** Barrack-Room Ballads '' contains some of the best work that Mr. Kipline has 

ever done, which is saying a good deal. " Fuzzy>Wuzzy," "Gunga Din,' and 
" Tommy," are, in our opinion, altogether supenor to anything of the kind that 
Englbh literature has hitherto produced.' — Atnenaum, 

* These ballads are as wonderful in their descriptive power as they are vigorous in 

their dramatic force. There are few ballads in the English language more 
stirring than "The Ballad of East and West," worthy to stand by the Border 
ballads of ScotL* —Spectator. 

'The ballads teem with imagination, they palpitate with emotion. We read them 
with laughter and tears ; the metres throb in our pulses, the cunningly ordered 
words tingle with life ; and if thb be not poetry, what is?' — PaU Mall Gazette. 

Henley. LYRA HEROICA : An Anthology selected from the 
best English Verse of the i6th, 17th, i8th, and 19th Centuries. By 
William Ernest Henley, Author of 'A Book of Verse,' 'Views 
and Reviews,' etc. Crown Svo, Stamped gilt buckram^ gilt top^ 
edges uncut, 6s, 

' Mr. Henley has brought to the task of selection an instinct alike for poetry and for 
chivalry which seems to us quite wonderfully, and even nnerringly, right/ — 
Guardian. 

Jane Barlow. THE BATTLE OF THE FROGS AND MICE, 
translated by Jane Barlow, Author of ' Irish Idylls,' smd pictured 
by F. D. Bedford. Small 410. dr. net. 

Thb is a new version of a famous old fable. Miss Barlow, whose brilliant volume 
of ' Irish Idylls ' has gained her a wide reputation, has told the story in spirited 
flowing verse, and Mr. Bedford's numerous illustrations and ornaments are as 
spirited as the verse they picture. 
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Tomson. A SUMMER NIGHT, AND OTHER POEMS. By 
Graham R. Tomson. With Frontispiece by A. Tomson. Fcap, 
Svo, 3^. 6d. 
An edition on hand-made paper, limited to 50 copies, los, 6d, net. 

* Mrs. Tomson holds perbaps the yety highest rank among poetesses of English birth. 

This selection will help her reputation.' — Black emd Wkitt. 

Ibsen. BRAND. A Drama by Henrik Ibsen. Translated by 

William Wilson. Crown Svo. Second Edition. 3^. 6d. 

'The greatest world-pNoem of the nineteenth century next to "Faust." "Brand" 
will have an astonishing interest for Englishmen. It is in the same set with 
"Agamemnon," with ** Lear," with the literature that we now instinctively regard 
as high and holy.' — Datfy Chronicle, 

" Q." GREEN BAYS : Verses and Parodies. By " Q.," Author 

of ' Dead Man's Rock,' etc. Second Edition, Fcap.Zvo, ^,6d, 

' The verses display a rare and versatile gift of parodyi great command of metre, and 
a very pretty turn of humour.' — Times, 

"A.G.'' VERSES TO ORDER. By"A-G." Cr.Svo. 2s.6d. 
net. 

A small volume of verse by a writer whose initials are well known to Oxford men. 

* A capital specimen of light academic poetry. These verses are very bright and 

engaging, easy and sufficiently witty. —«S'^. James's Gazette, 

Hosken. VERSES BY THE WAY. By J. D. Hosken. 

Crozvn Svo. 5j. 

A small edition on hand-made paper. Price 12s. 6d. net^ 

A Volume of Lyrics and Sonnets by J. D. Hosken, the Postman Poet. Q. the 
Author of 'The Splendid Spur,' writes a critical and biograi^cal intro- 
duction. 

Gkde. CRICKET SONGS. By NORMAN Gale. Crown Svo. 

Linen, 2s. Sd, 

Also a limited edition on hand-made paper. Demy Zvo. los. 6d, 

ftet. 

' They are wrtuig out of the excitement of the moment, and palpitate with die spirit 
of the game. ' — Star, 

* As healthy as they are spirited, and ought to have a great success.'— TYmm. 

' Simple, manly, and humorous. Every cricketer should buy the book.' — Westminster 
Gazette. * Cricket has never known such a singer.'— Crrbir/. 

Langbridge. BALLADS OF THE BRAVE : Poems of Chivalry, 

Enterprise, Courage, and Constancy, from the Earliest Times to the 

Present Day. Edited, with Notes, by Rev. F. Langbridgb. 

Crown Zvo, Buckram 3^. 6d, School Edition, 2s. 6d, 

'A very happy conception happily carried out These '* Ballads of the Brave" are 
intended to suit the real testes of boys, and will suit the taste of the great majority.' 
S^ctaior. * The book is foil of q^eodid things.'— ^^f/</. 



12 Messrs. Methuen's List 

English Classics 

Edited by W. E. Henley. 

Messrs. Methneo are publishing, under this title* a series of the masterpieces of the 
English tongue, which, while well within the readi of the average buyer, shall be 
at once an ornament to the shelf of him that owns, and a delight to the eye d 
him that reads. 

The series, of which Mr. William Ernest Henley is the general editor, will confine 
itself to no single period or department of literature. Poetry, fiction, drama, 
biography, autobiography, letters, essays — in all these fields is the material of 
many goodly volumes. ^ 

The boolu, which are designed and printed by Messrs. Constable, are issued in two 
editions— (t) A small edition, on the finest Japanese vellum, demy 8vo, ais. a 
volume nett ; (a) the popular edition on laid paper, crown 8vo, y. 6a. a volume. 

THE LIFE AND OPINIONS OF TRISTRAM. SHANDY. 
By Lawrence Sterne. With an Introduction by Charles 
Whibley, and a Portrait. 2 vols. 71. 
60 copies on Japanese paper. 42s, 

' Very dainty volumes are these : the paper, type and light green binding are all 
very agreeable to the eye. ''Simplex mnnottiis " u Uie phrase that might be 
applied to them. So far as we know^ Sterne's famous work has never appeared in 
a guise more attractive to the connoisseur than this.' — Gloie. 

* The book is excellently printed by Messrs. Constable on good paper, and being 
divided into two volumes, is light and handy without lacking the dignity of a 
classic' — MoMclusUr Guardian. 

' This new^ edition of a great classic might make an honourable appearance in any 
libra^ir in the world. Printed by Constable on laid paper, bound in most artistic 
and restful-looking fig-green buckram, with a frontispiece portrait and an introduc- 
tion by Mr. Charles Whibley, the book might well be issued at three times iu 
present price.'— AtrA Indt^tndeni. 

'Cneap and comely; a very agreeable edition.' — Saturday RtvUw, 

*A real acquisition to the ubnry,*'~Birmtng^am Pott. 



History 



Flinders Petrie. A HISTORY OF EGYPT, from the 
Earliest Times to the Hyksos. By W. M. Flinders Petrie, 
D. C. L. , Professor of Egyptology at University College. Fully lllus- 
traUd, Crown Sivo, 6s, 

'An important contribution to scientific study.' — Scotsman, 

' A history written in the spirit of scientific precision so worthily represented by Dr. 
Petrie and his school cannot but promote sound and accurate study, and supply a 
vacant place in the English literature of Egsrptology.' — Times. 

Flinders Petrie. TELL EL AMARNA. By W. M. Flinders 
Petrie, D.CL. V^th chapters by Professor A H. Sayce, D.D.; 
F. Ll. Griffith, F.S.A; and F. C. J. Spurrbll, F.G.S. With 
numerous coloured illustrations. J!oyai 4/^. 20/. m/. 
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Olaxk. THE COLLEGES OF OXFORD : Their History and 
their Traditions. By Members of the University. Edited by A. 
Clark, M.A., Fellow and Tutor of Lincoln College. Svo. i2s. 6d, 

'Whether the reader approaches the book as a patriotic member of a college, as an 
antiquar^i or as a student of the organic growth of college foundation, it will amply 
reward his attention.' — Times,^ 

' A delightful book, learned and lively.' — Academy, 

' A work which will certainly be appealed to for many years as the standard book on 
the Colleges of Oxford.' — Ath^ueum, 

Perrena. THE HISTORY OF FLORENCE FROM THE 
TIME OF THE MEDICIS TO THE FALL OF THE 
REPUBLIC. By F. T. Perrens. Translated by Hannah 
Lynch, In Three Volumes, Vol, I, Svo, 12s. 6d, 

This is a translation from the French of the best history of Florence in existence. 
This volume covers a^ period of profound interest — ^political and literary— and 
is written with great vivacity. 

* This is a standard book by an honest and intelligent historian^ who has deserved 

well of his countrymen, and of all who are interested in Italian history.' — Man- 
chester Guardian, 

Browning. GUELPHS AND GHIBELLINES: A Short History 
of Mediaeval Italy, A.D. 1250- 1409. By Oscar Browning, Fellow 
and Tutor of King's College, Cambridge. Second Edition, Crown 

Szfo, Ss, 

* A very able book.' — Westminster Gazette, 

'A vivid picture of mediaeval Italy.' — Standard, 

aGrady. THE STORY OF IRELAND. By Standish 
O'Grady, Author of ' Finn and his Companions.' Cr, Svo, 2s. 6d. 

* Novel and very fascinating history. Wonderfully alluring.' — Cork Examiner. 

* Most delightful, most stimulating. ^ Its racy humour, its original imaginings, its 

perfectly unique history, make it one of the freshest, breeziest volumes.' — 
Methodist Times. 
*A survey at cnce graphic, acute, and quaintly written.' — Times, 

Maiden. ENGLISH RECORDS. A Companion to the 

History of England. By H. E. Malden, M. A. Crown %vo, y. 6d, 

A book which aims at concentrating information upon dates, genealogy, officials, 
constitutional documents, etc., which is usually found scattered in different 
volumes. 
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Biography 



Oollingwood. JOHN RUSKIN: His Life and Work. By 

W. G. Collingwood, M.A., Editor of Mr. Ruskin's Poems. 

2 vols, Svo, 32J. Second Edition, 

This important work is written by Mr. Collingwood, who has been for some years 
Mr. Ruskin's private secretary, and who has had unique advantages in obtaining 
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miiterials for this book from Mr. Riukin himself and firom his friends. It contains 
a larye amoont of new matter, and of letters which have never been published, 
and IS, in fact, a fiiU and anmoritative biography of Mr. Ruskin. The book 
contains numerous portraits of Mr. Raskin, including a coloured one from a 
water-colour portrut by himself, and also 13 sketdies, never before (mblished, by 
Mr. Raskin and Mr. Arthur Severn. A bibliography is added. 

' No more magnificent volumes have been published for a long time. • . .'— 7Vm«i; 

'This most lovingly written and most profoundly interesting hoK>\u*-~Daily News. 

' It is long since we have had a biography with such varied delights of substance 

and of form. Such a book is a pleasure for the day, and a joy icx enx,*— Daily 

CkronicU. 
' Mr. Ruskin could not well have been more fortunate in his biographer.'— (r/ofe. 
' A noble monument of a noble subject. One of the most beautiful books about one 

of the noblest lives of our century.' — Glasgow Herald. 

WaldflteiiL JOHN RUSKIN : a Study. By Charles Wald- 
STBIN, M. A., Fellow of King's College, Cambridge. With a Photo- 
gravure Portrait after Professor Herkomer. Post Szfo, $s. 
Also. 25 copies on Japanese paper. V^nty 8tv. 21s. 

* Ruskinites will no doubt arise and join battle with Bfr. Waldstein, who, all the 

same has produced a remarkably fine piece of criticism, which is well worth read- 
ing for its own aakt.'^-Glasgvw Herald. 

'A thoughtful, impartial, well-written criticism of Ruskin's teaching, intended to 
separate what the author regards as valuable and permanent from what b transient 
and erroneous in the great raastev^s writing.' — DaUy Ckromcle. 

Robbing. THE EARLY LIFE OF WILLIAM EWART 
GLADSTONE. By A. F. Robbins. With Portraits. Crown 
9ivo. 6s. 

*The earlier jrears of Mr. Gladstone's political life stand out all the more finely, and 
leave a more enduring impression, because of the absolute truthfulness and con- 
scientiousness with which the record has been penned.' — Glasgow Herald, 

'Considerable labour and much skill of presentation have not been unworthily 
expended on this interesting work.' — Tunes. 

* Bv immense labour, guided by a competent knowledge of affairs, he has given us a 

book which will be of permanent vaJue to the student of political history. It is 
exhaustively indexed, and accompanied by three portraits.— K^r/lv/itrrr Pest. 

' Not only one of the most meritorious, but (me of the most interesting, biographical 
works that have appeared on the subject of the ex«Premier. ... it furnishes a 
picture from many points original and striking ; it makes additions of value to the 
evidence on which we are entitled to estimate a great public character ; and it 
gives the reader's judgment exactly that degree of guidance which is the function 
of a calm, restrained, and judicious historian.'— ^/rwMSfAaiw Daily Post. 

* A carefully-planned narrative, into which is woven a great deal of information. . . . 

It is pretty safe to predict that this volume will not onl^ be read but retained oa 
library bookshelves as a useful book of reference.' — Da*ly News. 

Olark BusselL THE LIFE OF ADMIRAL LORD COL- 
LINGWOOD. By W. Clark Russell, Author of 'The Wreck 
of the Grosvenor.* With Illustrations by F. Brangwyn. Second 

Edition. Crown Zvo, 6s, 

' A really good book.' — Saturday Review. 

' A most excellent and wholesome book, which we ihoold like to see in the hands «f 
every boy in the country. '-nS/. /ame^s Gasette. 
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General Literature 

Gladstone. THE SPEECHES AND PUBLIC ADDRESSES 
OF THE RT. HON. W. E. GLADSTONE, M.P. With Notes 
and Introductions. Edited by A W. Hutton, M. A (Librarian of 
the Gladstone Library), and H. J. Cohen, M. A With Portraits. 
$vo. Vols, IX, and X, \25, 6d. each, 

Henloy and WMbley. A BOOK OF ENGLISH PROSE. 
Collected by W. E. Henlby and Charles Whibley. Cr, Svo, 6s. 
Also 40 copies on Dutch paper. 21s, net. 
Also 15 copies on Japanese paper. 42J. net, 

*A unique volume of extracts^-an art gallery of early prose.' — Btrmttvkam Pest, 
' The book is delightfully got up, being printed by Messrs. Constable, who have 

evidently bestowed most loving care upon it.' — Pvhliskerit Circular, 
' The anthology is one every lover of good writing and quaint English will enjoy.' — 

Litgrary World. 
'An admirable companion to Mr. Henley's "Lyra Heroica."' — Saturday Review, 
* Quite delightful. The choice made has been excellent, and the volume has been 

most admirably printed by Messrs. Constable. A greater treat for those not well 

acquainted with pre-Restoration prose could not be imagined.' — Athetueum, 

Wells. OXFORD AND OXFORD LIFE. By Members of 
the University. Edited by J. Wells, M.A., Fellow and Tutor of 
Wadham College. Crown Svo, p, 6d, 

This work contains an account of life at Oxford — ^intellectual, social, and religious — 
a careful estimate of necessary expenses, a review of recent changes, a statement 
of the present position of the University, and chapters on Women's Education, 
aids to study, and University Extension. 

' We congratulate Mr. Wells on the production of a readable and intelligent account 
of Oxford as it is at the present time, written by persons who are, with hardly an 
exception, possessed of a close acquaintance with the system and life of the 
University. — At/unieum, 

Ohalmers MitchelL OUTLINES OF BIOLOGY. By P. 
Chalmers Mitchell, M.A» F.Z.S. Fully Illustrated, Crown 
%vo, 6s. 

A text-book designed to cover the new Schedule issued by the Royal College of 
Physicians and Surgeons. 

Dixon. ENGLISH POETRY FROM BLAKE TO BROWN- 
ING. By W. M. Dixon, M.A. Croiun Svo, p. 6d. 

A Popular Account of the poetry of the Century. 

*Scholarlv in conception, and full of sound and suggestive criticism.'— TYmr^. 
'The booK is remarkable for freshness of thought expressed in graceful language.' — 
Mancktsttr Examiner. 

Bowden. THE EXAMPLE OF BUDDHA: Being Quota- 
tions from Buddhist Literature for each Day in the Year. Compiled 
by E. M. BowDKN. With Preface by Sir Edwin Arnold. TMrd 
Edition, i6mo. 2s. 6d. 
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Masseo. A MONOGRAPH OF THE MYXOGASTRES. By 

Georgr Massrb. With 12 Coloured Plates. Royal 800. iSj. net, 

*A work much in advance of any book in the language treating of thb group of 
organisnu. It is indispensable to every student of the Myzogastzes. The 
coloured plates deserve high praise for their accuracy and execution.'— A<a(/if^. 

BnahilL PROFIT SHARING AND THE LABOUR QUES- 
TION. By T. W. BusHiLE, a Profit Sharing Employer. With an 
Introduction by Sbdlet Taylor, Author of ' Profit Sharing between 
Capital and Labour.' Crown 2vo. 2s, 6d. 

Jenks. ENGLISH LOCAL GOVERNMENT. By E Jenks, 
M.A., Professor of Law at University Collie, liverpooL Croivn 
Sivo. 2s, 6d, 

* The work is admirably done. Everything the average man will wish to know 

respecting the history and bearing of the subject he is likely to learn from Professor 
Jenks. He is told something of the origin of every form of the government under 
which he lives and is rated, and may learn sufficient of the duties and powers of 
local bodies to enable him to take an intelligent interest in their work.'— ffVj^rrw 
Morning Newt, 

* Timely and admirable.' — Scotsman, 

' Mr. Jenks undertakes to give in a brief compass an accurate description ci the 
public bodies and authorities by which we are surrounded, while just glancing 
here and there at their origin and historical continuity through the ages. A 
subject of much complexity is here judiciously summarised.'— i^atV^ Ntws, 

* We can cordially recommend the book as giving an excellent outline in general 

terms of English local govemment.'^>Sc^<^/ Guardian. 

Maiden. THE ENGLISH CITIZEN: His Rights and 
Duties, By H. E. Maldbn, M.A. Crown Szv. is, 6d, 
A simple account of the privileges and duties of the English dtisen. 

John Beever. PRACTICAL FLY-FISHING, Founded on 
Nature, by John Bsever, late of the Thwaite House, Coniston. A 
New Edition, with a Memoir of the Author by W. G. Collingwood, 
M.A. Also additional Notes and a chapter on Char-Fishing, by A 
and A. R. Severn. With a specially designed title-page. Crown 
Sw, 3^. 6d, 
A little book on Fly-Fishing by an old friend of Mr. Ruskin. It has been oat4>t 
print f<Mr some time, and being still much in request, b now issued with a Memoir 
of the Author by W. G. Collingwood. 

Button. THE VACCINATION QUESTION. A Letter to 
the Right Hon. H. H. Asquith, M.P. By A. W. HuTTON, 
M.A. Crown Szfo. is, 6<L 
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Theology 

Driver. SERMONS ON SUBJECTS CONNECTED WITH 
THE OLD TESTAMENT. By S. R. Driver, D.D., Canon of 
Christ Church, Regius Professor of Hebrew in the University of 
Oxford. Crown Svo. 6s, 

'A welcome companion to the anthoi's famous ' Introduction.' No man can read these 
discourses without feeling that Dr. Driver is fully alive to the deeper teaching of 
the Old Testament,'— GuardioM, 

Oheyne. FOUNDERS OF OLD TESTAMENT CRITICISM: 
Biographical, Descriptive, and Critical Studies. By T. K. Chkynb, 
D.D., Oriel Professor of the Interpretation of Holy Scripture at 

Oxford. Lar£^e crown Svo. Js, 6d, 

This important book is a hisumcal sketch of O.T. Criticism in the form of biographi* 
cal studies from the days of Eichhom to those of Driver and Robertson Smith. 
It is the only book of its kind in English. 

* The volume is one of great interest and value. It disfdays all the author's well- 
known ability and learning, and its opportune publication has laid all students of 
theology, and specially of Bible critiasm, under weighty obligation.*— kSV^/Mwaw. 

* A very learned and instructive work.' — Timet. 

Prior. CAMBRIDGE SERMONS. Edited by C H. Prior, 
M. A., Fellow and Tutor of Pembroke Collie. Crotvn %zfo. 6s, 

A volume of sermons preached before the University of Cambridge by various 

preachers, including tat Archbishop of Canterbury and Bishop Westcott. 
' A representative collection. Bbhop Westcott's is a noble sermon.' — Guardtam. 

* Full of thoughtfulness and dlgtdty,—Eecord, 

Beeching. SERMONS TO SCHOOLBOYS. By H. C. 
Bbbching, M. a.. Rector of Yattendon, Berks. With a Preface by 
Canon Scott Holland. Croztm Svo, 2s, 6d, 

Seven sermons preached before the boys of Bradfield College. 

Layard. RELIGION IN BOYHOOD. Notes on the Reli- 
gious Trainmg of Boys. With a Preface by J. R. Illingworth. 
By E. B. Layard, M.A. iZmo, is, 

James. CURIOSITIES OF CHRISTIAN HISTORY PRIOR 
TO THE REFORMATION. By Croakb James, Author of 
' Curiosities of Law and Lawyers.' Crown %vo, 'js, 6d, 

'This volume contains a great deal of quaint and curious matter, affording some 
" particulars of the interesting persons, episodes, and events from the Christian's 
pomt of view during the first fourteen centuries. Wherever we dip into his pages 
we find something worth dipping 'mlo,'—/ohn BtUl, 

Kawftnann. CHARLES KINGSLEY. By M. Kaufmann, 

M.A. Crown %vo. Buckram, 5^. 

A tdography of Kingsley, especially dealing with his achievements in social refurm. 
' The author has certainly gone about his work with conscientiousness and industry.'*— 
SktjffUldDaay TgUgrm^ . 
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9Detiotional BoofcjS^ 

WifA FuB-pagi RhutrMHons, 

THE IMITATION OF CHRIST. By Thomas A Kempis. 
With an Introduction by Archdeacon Farrar. Illustrated by 
C. M. Gbrb, and printed in black and red. Fcap, Svo, 31. 6(L 

* A new and beautiful edition of a book that will abide during the ages. The paging 
and t>[pe*work are perfect, and the effect is heightened by the large, fine-cnt metal 
letter in Tennilion which marks the beginning of each verse or paragraph of the 
volome. ' — FremuuCs Journal. 

'We must draw attention to the antique style, quatntness, and typographical excel- 
lence of the werie, its red-letter ' initials' and black letter t3rpe, and old-fashioned 
IMragraphic arrangement of pages. The antique paper, uncut edees, and illustra- 
tions are in accordwith the other features of thb unique little work.* — Ntwsagenl. 

'Amongst idl tiie innnroerable English editions of the 'Imitation,' there can have 
been few which were prettier than this one, printed in strong and handsome type 
by Messrs. Constable, with all the glory of red initials, and the comf<vt of buckram 
bmding.'— ^ikxjgvw HtraUL 

THE CHRISTIAN YEAR. ByJOHNKEBLE. With an Intro- 
duction and Notes by W. Lock, M.A., Sub- Warden of Keble 
College, Author of 'The Life of John Keble.' Illustrated by R. 
Anning Bbll. Fcap, 800. 5/. [Easter. 



Leaders of Religion 

Edited by H. C. BEECHING, M. A. WUh Portraits, crown %oo. 

A series of short bi(^;raphie8 of the most pro- i ^ . ^ 

minent leaders of religious life and thought of ^ \\\ fir O \\\ 
all ages «»d countries. ^\^ ^ 0\^ 

The following are ready — 28. 6d. 

CARDINAL NEWMAN. By R, H. Hutton. Second Edition, 

' Few who read this book will fail to be struck by the wonderful insight it displays 
into the nature of the Cardinal's genius and the spirit of his life.' — WiLraio 
Ward, in the TabUi, 

* Full of knowledge, excellent tn method, and intelligent in criticism. We regard it 
as wholly admirable.' — Academy , 

JOHN WESLEY. By J. H. Overton, M.A. 

' It is well done : the story is clearly told, proportion is duly observed, and there is 
no lack either of discrimination or of sympathy.' — Manchtsttr Guardian, 

BISHOP WILBERFORCE, By G. W. Daniel, M.A. 
CARDINAL MANNING. By A. W. HuTTON, M.A. 
CHARLES SIMEON. By H. C. G. Moule, M.A. 
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JOHN KEBLE. By Walter Lock, M.A. Seventh Edition, 

THOMAS CHALMERS. By Mrs. Oliphant. Second Edition. 

LANCELOT ANDREWES, Bishop of Winchester. By R. L. 
Ottley, M.A. 

' A very interesting and skilful monograph.' — Times. 

* Mr. Ottley has told the story of a great career with jud^ent and knowledge* and 
he has not forgotten to indicate either the forces which diaped it, or the force 
which it has in turn contributed to the shaping of the religious life of toniay. — 
Leeds Mercury, 

AUGUSTINE OF CANTERBURY. By E. L. Cutts, D.D. 
WILLIAM LAUD. By W. H. Hutton, M.A. 

Other Yolnmes will be announced in due course. 



Works by S. Baring Gould 

OLD COUNTRY LIFE. With Sixty-seven Illustrations by 
W. Parkinson, F. D. Bedford, and F. Masby. Largt Crown 
81VO, cloth super extra^ top edge gilt^ lOf . 6^. Fifth and Cheaper 
Edition, 6s, 

* *' Old Conntry Life," as healthy wholesome reading, fiill of breexy life and move- 

ment, full of quaint stories vigorously told, will not be excelled by any book to be 
published throughout the year. Sound, hearty, and English to the core.' — World, 

HISTORIC ODDITIES AND STRANGE EVENTS. Third 
Edition, Crown %vo, 6s, 

* A collectiim of exciting and entertaining chapfeen. The whole volume is delightful 

reading. ' — Times. 

FREAKS OF FANATICISM. Third Edition, Crown Zvo, 6s, 

* Mr. Baring Gould has a keen eye for colour and effect, and the subjects he has 

chosen give ample scope to his descriptive and analytic faculties. A perfectly 
fascinatmg book.' — Scottish Leader, 

A GARLAND OF COUNTRY SONG : English Folk Songs 
with their traditional melodies. Collected and arranged by S. 
Baring Gould and H. Fleetwood Shefpard. Demy ^o, 6s, 

SONGS OF THE WEST : Traditional Ballads and Songs of 

the West of England, with their Traditional Melodies. Collected 

by S. Baring Gould, M.A., and H. Fleetwood Sheppard, 

'M.A. Arranged for Voice and Piano. In 4 Parts (containing 25 

Songs each), Parts /., //., ///., 3^. each. Part IV,^ 5 J. In one 

Vol., French morocco, 15X. 

' A rich and varied collection of humour, pathos, grace, and poetic Csaqr. ^^aturdeg^ 
Rexfiew. 
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A BOOK OF FAIRY TALES retold by S. Baring Gould 

With numerous illustnitions and initial letters by Arthur J. Gaskin. 

Crown 8tK0. Buckram, dr. 

' The stories are old friends — Cinderella, Blnebeard, the Three Bears, and so on — in 
a new dress of simple language which their skilled reviser has given them. The;f 
make a delightful collection, and Mr. Gaskin's illustrations have a beauty all their 
own, a beauty which some will judge to be beyond the appreciation of children, 
but a child u sura to be interested by these pictures, and the impression they 
give cannot but have the best effect in the formation of a good taste. '—Sc^tsmian. 

* Mr. Baring Gould has done a good deed, and is deserving of gratitude, in re-writ- 

ing in h<Miest, simple style the old stories that delighted the childhood of " oar 
fatners and grandfathers." We do not think he has omitted any of our favourite 
stories, the stories that are commonly regarded as merely "old-fashioned." As 
to the form of the book, and the printing, which is by Messrs. Constable, it were 
difllcult to commend overmuch.'--^a/wn^jr Revitw, 

YORKSHIRE ODDITIES AND STRANGE EVENTS. 
Fourth EdUion, Crown %vo. dr. 

STRANGE SURVIVALS AND SUPERSTITIONS. With 
Illustrations. By S. Baring Gould. Crown %vo. Second Edition, 
6s, 

A book on such subjects as Foundations, Gables, Holes, Gallows^ Rainng the Hat, Old 
Ballads, etc. etc. It traces in a most interesting manner theu: origin and history. 

' We have read Mr. Baring Gould's book from beginning to end. It b full of quaint 
and various information, and there is not a dull page in it ' — NcUs and Qutri€S, 

THE TRAGEDY OF THE CAESARS: The 
Emperors of the Julian and Qaudian Lines. With numerous Illus- 
trations from Busts, Gems, Cameos, etc. By S. Baring Gould, 
Author of ' Mehalah,' etc. Third Edition, Royal Zvo. i$s. 

* A most splendid and fascinating book on a subject of un&fing interest. The great 

feature of the book is the use the author has made of the existing portraits of the 
Caesars, and the admirable critical subtlety he has exhibited in dealing with this 
line of research. It is brilliantly written, and the illustrations are supplied on a 
scale of proluse magnificence.' — Daily Chromclt, 

* The volumes will in no sense disappoint the general reader. Indeed, in their way, 

there is nothing in any sense so good in English. . . . Mr. Baring Gould has 
presented his narrative in such a way as not to make one dull ^»%^*^Athenttum. 

THE DESERTS OF SOUTHERN FRANCE. By S. Baring 

Gould. With numerous Illustrations by F. D. Bedford, S. 

HuTTON, etc. 2 ffols. Demy Zvo. 32^. 

This book is the first serious attempt to describe the great barren tableland that 
extends to the south of Limousin in the Department of Aveyron, Lot, etc., a 
countiy of dolomite cliffs, and caSons, and subterranean rivers. The region is 
full of prehistoric and historic interest, relics of cave-dwellers, of mediaeval 
robbers, and of the English domination and the Hundred Years' War. 

'His two richly-illustrated volumes are full of matter of interest to the geologist, 
the arduBologist, and the student of history and manners.* — Scotsman, 

* It deals with its subject in a manner which rarely fiula to arrest and enchain attea- 

tioQ.'— TYmcr. 
' We leave the author with a clear and delightful knowledge of the district and with 
a fresh attractioD towards himselfl'— i^Mr Mercury, 

* A idioUy original and singularly attractive work.'— !>«£> JVWw. 
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mr. baring gould's novels 

*To say that a book is by the author of " Mehalah " is to imply that it contains a 
story cast on strong lines, containing dramatic possibilities, vivid and sympathetic 
descriptions of Nature, and a wealth of ingenious imagery/ — Speaker, 

* That whatever Mr. Baring Gould writes is well worth reading, is a conclusion that 

may be very generally accepted. His views of life are fresh and vigorous, his 
language pointed and characteristic, the incidents of which he makes use are 
striking and original, his characters are life-like, and though somewhat excep- 
tional people, are drawn and coloured with artistic force. Add to this that hu 
descriptions of scenes and scenery are painted with the loving eves and skilled 
hands of a master of his art, that he is always fresh and never anil, and under 
such conditions it is no wonder that readers have gained confidence both in his 
power of amusine and satisfying them, and that jtai by year his popularity 
widens.' — Court Circular, 

SIX SHILLINGS EACH 

IN THE ROAR OF THE SEA : A Tale of the Cornish Coast. 
MRS. CURGENVEN OF CURGENVEN. 
CHEAP JACK ZITA. 
THE QUEEN OF LOVE. 
KITTY ALONE. 

THREE SHILLINGS AND SIXPENOE EACH 

ARMINELL : A Social Romance. 
URITH : A Story of Dartmoor. 
MARGERY OF QUETHER, and other Stories. 
JACQUETTA, and other Stones. 

Fiction 

SIX SHILLING NOVELS 

Marie Oorelli. BARABBAS : A DREAM OF THE WORLD»S 
TRAGEDY. By Marie Corelli, Author of 'A Romance of Two 
Worlds,' 'Vendetta,' etc. Fourteenth Edition. Crown Svo. 6s, 

* The tender reverence of the treatment and the imaginative beauty of the writing 

have reconciled us to the daring of the conception, and the conviction is forced on 
us that even so exalted a subject cannot be made too familiar to us, provided it be 



Anthony Hope. THE GOD IN THE CAR. By Anthony 
Hope, Author of * A Change of Air,' etc Sixth Edition, Crown 
Szv. 6j. 

* " The God in the Car " is so good, so immeasurably better than ansrthing 
Mr. Hope has done before in the way of a novel of contemporary mamivt, that 
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U&ere seems no reason why be should not ev«atiially reach tfaiU place in the front 
rank, which he has evidently set before himself as his goal. "The God in the 
Car b a novel eminently worth reading, full of brilliance, fire, and daring, and 
above all full of promise of something stul better in the future, somediing: which 
will render criticism superfluoos.' — Mamcktster Guaniian, 

* Roston is drawn with extraordinary skill, and Magne Dennison widi many subtle 

strokes. The minor chancters are clear cut In snort the book is a brilliant one. 
"The God in the Car " is one of the most remarkable works in a year that has 
given us the handiwork of nearly all our best living novelists.* — Standard, 

' A very remarkable book, deserving of critical analysis impossible within our limit ; 
brilliant, but not superficial ; well considered, but not elaborated ; constructed 
with the proverbial art that conceals, but yet allows itself to be enjoyed by 
readers to whom fine literary method is a keen pleasure ; tme without cynicism, 
subtle without affectation, humorous without strain, witty without <^ence, inevit* 
ably sad, with an unmorose simplicity.' — TJu World, 

Anthony Hope. A CHANGE OF AIR. By Anthony Hope, 

Author of ' The Prisoner of Zenda,' etc. Crovm %vo, 6s. 

'A graceful, vivacious comedy, true to human nature. The characters are traced 
with a masterly hand.' — Times, 

Anthony Hope. A MAN OF MARK. By Anthony Hope. 

Author of *The Prisoner of Zenda,* 'The God in the Car,' etc 

Second Edition. Croivn Szv. 6r. 

This is a re-issue of Anthony Hope's first noveL It has been out of print for vomit 
years, and in view of the great popularity of the author, it has been reprinted. It 
IS a story of political adventure in South America, and is rather in the style of 
' The Prisoner of Zenda.' 

Oonan Doyle. ROUND THE RED LAMP. By A. Conan 
DOYLB, Author of * The White Company,' * The Adventures of Sher- 
lock Holmes,' etc Third Edition. Crown %vo. 6s. 

' The reader will find in it some perfectly constructed stories, the memory of which 
will haunt him long after he has laid it down. The author agun reveals himself 
as a keenly sympauetic observer of life and a master of vigorous impressive narra- 
tive.'— ri?r>tMi>» Fast 

* The book is, indeed, composed of leaves from life, and is far and away the best 

view that has been vouchsafed us behind the scenes of the consulting-room. It is 
very superior to " The Diary of a late Physician." ' — Illustrated Londom News. 

'Dr. Doyle wields a conning pen, as all the world now knows. His defl touch is 
seen to perfection in these short sketches — these "facts and fancies of medical 
life," as he calls them. Every page reveals the literary artist, the keen observer, 
the trained ddincator of human nature, its weal and its woe.' — Freeman* sfottmaL 

' These tales are skilful, attractive, and emiaently suited to give relief to the mind 
of a reader in quest of distraction.' — Athetueum. 

* The book is one to buy as well as to borrow, and that it will repay both buyer and 

borrower with interest' — Sunday Times. 

' It is quite safe to assert that no one who begins to read ' Round the Red Lamp ' 
will voluntarily lay the book aside until every one of its fascinating pages has 
been perused.'— Xa^. 

' No more intereiting and oocanonally sensational stories have appeared than these.* 
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i EHanley Weyman. UNDER THE RED ROBE. By Stanley 

I WsYMAN, Author of * A Gentleman of France.' With Twelve lUus- 

l trations by R. Caton Woodville. Sixth Edition, Crown 8w. 6j« 

A cheaper edition of a book which won instant popularity. No unfavourable review 
occurred, and most critics spoke in terms of entnusiastic admiration. The * West' 
minster uasette ' called it ' a book of which rue have read every word/or the ehter 
pleasure cf readings and -wkick we put dcvm with a patig tUat we ca$inat forget 
it «Ul and start again.* The ' Daily Chronicle ' said that * every on* who reads 
iodks at all fHust read this thrilling romance<tfrom the Jirst page of which to the 
last the breathless reader is haled etlong, ' It also called the book * em inspiration 
^manliness and conrage.* The ' Globe ' called it ' a delightful tale qf chivalry 
euul adventure, vivid and dramatic, with a wholesome Tnodesiy and reverence 
for the highest} 

E. F. Benson. DODO : A DETAIL OF THE DAY. By E. F. 

Benson. Crown Szv. Fourteenth Edition, 6s, 

A stor^ of society which attracted by its brilliance universal attention. The best 
critics were cordial in their praise. The ' Guardian ' spoke of *Dodo'as '««*- 
usually clever and interesting ; the 'Spectator' called it *a delightfully witty 
sketch of society ;' the * Speaker' said the dialogue was ' a perpetual feast of 
epigram and paradox ' ; the ' Athenaeum ' spoke of the author as * a writer 
of quite exceptional ability * ; the ' Academy ' praised his * amazing cleverness ; ' 
the 'World' said the book was * brilliantly written*', and half-a-dozen papers 
declared there was ' not a dull page in the booh,* 



E. P. Benson. THE RUBICON. By E. F. Benson, Author of 

' Dodo.' Fourth Edition, Crown %vo, 6s, 

Of Mr. Benson's second novel the 'Birmingham Post' says it is *well written^ 
stimulating, unconventional, and, in a word, cheuvcteristic'l the 'National 
Observer ' congratulates Mr. Benson upon ' an exceptional achievement,' and 
calls the book 'a notable advance on his previous work,' 

Baring Gould. IN THE ROAR OF THE SEA: A Tale of 
the Cornish Coast. By S. Baring Gould. Fifth Edition, 6s, 

Baring Cteuld. MRS. CURGENVEN OF CURGENVEN. 
By S. Barino Gould. Third Edition, 6s, 

A story of Devon life. The ' Graphic ' speaks of it as ' a novel ofv^orous humour and 
sustained power* ; the ' Sussex Daily News ' says that ' the swing <f the narrative 
is splendid* ; and the ' Speaker' mentions its ' bright imaginative power.* 

Baring Gould. CHEAP JACK ZITA. By S. Baring Gould. 

Third Edition. Croton Svo, 6s, 

A Romance of the Ely Fen District in 1815, which the 'Westminster Gazette* calls 
* a powerful drama of human petssion'; and the ' National Observer ' * a story 
worthy the author,' 

Baring Gould. THE QUEEN OF LOVE. By S. Baring 

Gould. Second Edition, Crown Svo, 6s, 

The ' Glasgow Herald ' says that ' the scenery is admirable, emd the dramatic inci- 
dents are most striking * The 'Westminster Gazette' calls the book *^ strong, 
interesting, and clever,* ' Punch ' says that *you cannot put it down until you 
haoefiniM4d it,' ' The Sussex Daily News ' says that it ' am be heartily recom^ 
mendid to eUl who care for cleanly, energetic, emd interesting fiction,' 
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Baring Gould. KITTY ALONE. By S. Baring GoiriJ>y 

Author of 'Mehalah/ 'Cheap Jack Zita/ etc. Second EdiHoH, 

Crown Svo. 6s. 

' A strong and ori^nal story, teeming with graphic description, stirring incident, 
and, aboTe all, with vivid and enthralling human interest. — Daify Ttl^gra^^ 

* Brisk, clever, keen, healthy, humorous, and interesting.' — Natumal Oburver, 
' Full of quaint and delightful studies of character.' — Bristol Mercury. 

W.B.NorriB. MATTHEW AUSTIN. By W. E. Norris, Author 

of ' Mdlle. de Mersac,' etc. Second Edition. Crown Sz». 6s. 

' "Biatthew Austin " may safely be pronounced one of the most intellectually satis- 
factory and morally bracing novels of the current year.' — Daily TtU^gyna^k. 

* The characters are carefully and cleverly drawn, and the story u ingenious and 

interesting.' — Guardian. 
*Mr. W. £. Morris is always happy in hb delineation of every-day experiences, but 
rarely has he been brighter or breezier than in " Matthew Austin." The pictures 
are m Mr. Norris's pleasantest vein, while running through the entire stor^ is a 
felicity of style and wholesomeness of tone which one is accustomed to find in the 
novels of this favourite author.' — Scotsmam, 

* Mr. Norris writes as an educated and shrewd observer, and as a gentleman.'— 

PaUMaUBmdieU 

W. B. Norris. HIS GRACE. By W. E. Norris, Author of 

'Mademoiselle de Mersac.* Third Edition. Crown ^oo. 6s. 

*The characters are delineated by the author with his characteristic skill and 
vivacity, and the story is told with that ease oi manners and Thackerasrean in- 
sight umich give strength of flavour to Mr. Norris's novels No one can depict 
the Englishwoman of the better classes with more subtlety.'— ^iSn^vw Herald. 

'Mr. Norris has drawn a really fine character in the Duke of Hurstboume, at once 
tinconventional and very true to the conventionalities of life, weak and strong in 
a breath, capable of inane follies and heroic dedsioos, vet not so definitely por- 
trayed as to relieve a reader of the necesaty of study on his own behalf.' — 

aUbert Parker. MRS. FALCHION. By Gilbert Parker, 

Author of ' Pierre and His People.' New Edition. 6s. 

BIr. Parker's second book has received a warm welcome. The * Athenaeum ' called 
it ' a Mendid study of character ' ; the ' Pall Mall Gazette ' spoke of the writing as 
' but little behind anything thai has been done by any writer of our time * ; the 
* St. James's ' called it ' a very striking and admirable novel ; and the ' West< 
minster Gazette ' applied to it the epithet of ' distinguished,* 

Gilbert Parker. PIERRE AND HIS PEOPLE. By Gilbert 

Pa&ker. Crown $w. Buckram. 6s, 

' Stories happily conceived and finely executed. There 2s strength and genius in Mr. 
Parker's style.'— i?tff(j/ Telegra/k. 

Gilbert Parker. THE TRANSLATION OF A SAVAGE. By 
Gilbert Parkbr, Author of 'Pierre and His People,' *Mrs. 
Falchion/ etc. Crown Svo. 6s. 

'The plot is original and one difficult to work out ; but Mr. Parker has done it with 
great skill and delicacy. The reader who is not interested in this original, firesh, 
and well-told tale must be a dull person indeed.' — Daily Chronicle. 

'A strong and succMsful piece of workmanship. The portrait of Lali» strong, digni* 
fied, and pure, is exceptionally well 6x9LWii.'—Memckester Guardian. 

* A very pretty s^ interestinj; story, and Mr. Parker tells it with much skiU. The 
story u one to be read.'— «yif. Jameis Gauttt. 
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Gilbert Parker. THE TRAIL OF THE SWORD. By Gilbert 
Parker, Author of * Pierre and his People,* etc. Crown Svo. 6s, 
A historical romance dealing with a stirring period in the history of Canada. 

Arthur Morrison. TALES OF MEAN STREETS. By Arthur 

Morrison. Crown Svo, 6s. 

' Told with consummate art and extraordinary detail. He tells a plain, unvarnished 
tale,^ and the rery truth of it makes for heauty. In the true humanity of the book 
lies its justification, the permanence of its interest, and its indubitable triumph.' — 
AtArneeum, 

* Each story is complete in itself, vivid, engrossing. His work is literature, and 

literature of a high order.*— HecUffu 
'A great book. The author's method is amazingly effective, and produces a thrilling 

sense of reality. The vrriter la^ upon us a master hand. The book is simply 

appalling and irresistible in it& mterest. It is humorous also ; without humour 

it would not make the mark it is certain to make.*— IVorld. 
' Mr. Morrison has shot the flashlight of his unmistakable genius. The literary 

workmanship is of the highest order.' — Aberdeen Press. 
' Powerful pictures from the lower social depths.' — Monnt^Post. 

Eobert Barr. IN THE MIDST OF ALARMS. By Robert 
Barr, Author of ' From Whose Bourne/ etc. Crown %vo, 6s. 

* A delightful romance with experiences strange and exciting. There are two pretty 

girls in the story, both the heroes fall in love, and the development of this thread 
of the tale is in all respects charming. The dialogue is always bright and witty ; 
the scenes are depicted briefly and effectivelv ; and there is no inadent from first 
to last that one would wish to have omitted. —ScotsmoH. 

Pryce. TIME AND THE WOMAN. By Richard Pryce. 

Author of Miss Maxwell's Affections,' 'The Quiet Mrs. Fleming, 

etc. New and Cheaper Edition. Crown Svo, 6s. 

' Mr. Pryce's work recalls the style of Octave Feuillet, by its clearness, condseness, 
its literary reserve.' — Atherutum. 

Marriott Watson. DIOGENES OF LONDON and other 

Sketches. By H. B. Marriott Watson, Author of ' The Web 

of the Spider.' Crown Svo, Buckram. 6s. 

' By all those who delight in the uses of words, who rate the exercise of prose above 
the exercise of verse, who rejoice in all proofs of its delicacy and its strength, who 
believe that English prose is chief among the moulds of thought, by these 
Mr. Marriott Watson's book will be -weXcomed.'— National Observer. 

Gilchrist. THE STONE DRAGON. By Murray Gilchrist. 

Crown Svo. Buckram. 6s. 

* The author's faults are atoned for by certain positive and admirable merits. The 

romances have not their counterpart in modem literature, and to read them is a 
unique experience.' — National Observer. 

THREE-AND-8IXPENNY NOVELS 

Edna LyalL DERRICK VAUGHAN, NOVELIST. By 
Edna Lyall, Author of * Donovan,' etc. Crown Svo. y. 6d, 

Baring Oould. ARMINELL: A Social Romance. By S. 
Baring Gould. New Edition, Crown Svo. 3j. 6d. 
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Baring Ctonld. URITH : A Story of Dartmoor. By S. Baring 
Gould. Third Edition, Crown 8zv. $;. 6d, 
'The author is at his best.'— TYmmt. 
' He has nearly reached the high water-mark of " Mehalah.** '— JVo/^mo/ Ohstrver, 

Baring Oonld. MARGERY OF QUETHER, and other Stories. 
By S. Baring Gould. Crown 8zv. ^x. 6</. 

Baring Gtonld. JACQUETTA, and other Stories. By S. Baring 
Gould. Crown Svo, y, 6d. 

Qny. ELSA. A Novel. By E. M'QUEEN Gray. CrownZvo. 
y. 6d, 

'A charming novel The characters are not only powerful sketches, hat minutely 
and carefully finished portraits.'— Gwan^iMW. 

J. H. Pearce. JACO TRELOAR. By J. H. Pearce, Author of 
* Esther Pentreath.' New Edition, Crown Svo. y,6d, 

A tragic stonr of Cornish life by a writer of remarkable power, whose first novel has 

been highly praised by Mr. Gladstone. 
The <Specutor^ speaks of Mr. Pearoe as * a writer o/gxapti^nalj^awer^i the 'Daily 

Telegraph' calls the book ^pewerjnl and picturgtqnt* ; the 'Birmingham Post * 

asserts that it is '« nowl^higk quality: 

dark BnsselL MY DANISH SWEETHEART. By W. 
Clark Russbll, Author of < The Wreck of the Grosvenor,' etc 
lUustratid. Third Edition. Crown Svo, y. 6d. 

X. L. AUT DIABOLUS AUT NIHIL, and Other Stories. 
By X. L. Crown Svo. 31. 6d. 

* Distinctly original and in the highest d^ree imaginative. The conception u almost 

as lofty as Milton's.'— ^/^toiStfr. 
' Original to a degree of originality that may be called primitive— a kind of passion- 
ate directness tnat absolutely aMorbs ns.'— ^a/vn&j> Review, 

* Of powerful interest There is something startlingly original in the treatment of die 

themes. The terrible realism leaves no doubt ofthe author's power.'— yl tkenaum. 

* The stories possess the rare merit of originality.'— >S/tfa^r. 

O'arady. THE COMING OF CUCULAIN. A Romance of 
the Heroic Age of Ireland. By Stan dish O'Grady, Author of 
' Finn and his Companions/ etc. Illustrated by Murray Smith. 
Crown Svo. p, 6d. 

* A flashlight thrown on the greatness and splendour of our ancestors. Redolent of 

freshness and ^vaity:— Cork Herald, 
' The sugg stions of mystery, the rapid and exciting actioui are superb poetic effects.' 

— Shaker. 
' For light and colour it resembles nothing so much as a Swiss dannu'—Mamckester 

Gttardiem, 
' A romance extremely fascinating and admirably well koiu'—Saturday Review. 

Oonstance Smith. A CUMBERER OF THE GROUND. 
By Constance Smith, Author of ' The Repentance of Paul Went- 
worth,' etc. New Editiofi, Crown Svo, p, 6d. 
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Anthor of 'Vera/ THE DANCE OF THE HOURS. By 
the Author of ' Vera.' Crown S/w, $s, 6d, 

Eamh Stuart A WOMAN OF FORTY. By EsMi Stuart, 

Author of 'Muriel's Marriage,' 'Virginia's Husband,' etc New 

Editum, Crown 8zv. 3x. 6 J. 

'The story is well written, and some of the scenes show great dramatic power.' — 
Daily ChrtnkU, 

TemL THE STAR GAZERS. By G. Manyille Fenn, 

Author of ' Eli's Children,' etc. Now Edition, Cr, ^o. 35. 6d, 

* A stirring ronumoe. ' — IVgtUm Morning^ News. 

' Told with all the dramatic power icx which Mr. Fenn is conspicaons.'— >^m46n^ 
Observer, 

DiddnsoiL A VICAR'S WIFE. By Evelyn Dickinson. 

Crown Svo. 3^. 6d, 

Ftowse. THE POISON OF ASPS. By R. Orton Prowse. 

Crown ^nfo, y, 6d. 



Grey. THE STORY OF CHRIS. By ROWLAND Grey. 

Crown Szv. 5^. 

I^nn Linton. THE TRUE HISTORY OF JOSHUA DAVID- 
SON, Christian and Communist. By E. Lynn Linton. Eleventh 
Edition* Post Bvo, is. 



HALF-OROWN NOVELS 

A Sories of Novels by popular AtUhorsy tastefuUy 

bound in cloth. 
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1. THE PLAN OF CAMPAIGN. By F. MABEL ROBINSON. 

2. DISENCHANTMENT. By F. Mabel Robinson. 

3. MR. BUTLER'S WARD. By F. MABEL ROBINSON. 

4. HOVENDEN, V.C. By F. Mabel Robinson. 

5. ELPS CHILDREN. By G. Manville Fenn. 

6. A DOUBLE KNOT. By G. Manville Fenn. 

7. DISARMED. By M. Betham Edwards. 

8. A LOST ILLUSION. By Leslie Keith. 

9. A MARRIAGE AT SEA. By W. Clark Russell. 

10. IN TENT AND BUNGALOW. By the Author of * Indian 

Idylls.' 

11. MY STEWARDSHIP. By E. M'QUEEN GRAY. 
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12. A REVEREND GENTLEMAN. By J. M. Cobban. 

13. A DEPLORABLE AFFAIR. By W. E. NORRIS. 

14. JACK'S FATHER. By W. E. NORRIS. 

Other volumes will be announced in due course. 

Books for Boys and Girls 

Baring GotdcL THE ICELANDER'S SWORD. By S. 
Baring Gould, Author of *Mehalah,* etc. With Twenty-nine 
Illustrations by J. MoYR Smith. Crown %V0. 6s. 
A stirring story of Iceland, written for boys by the author of ' In the Roared the Sea. 

Outhell TWO LITTLE CHILDREN AND CHING. By 

Edith E. Cuthbll. Profusely Illustrated. Cnnvn Szw. Cloth^ 

gilt edges, 3 j. td. 

Another story, with a dog hero, by the aothor of the very popnlar 'Only a Gnaid- 
Room Dog. 

Blake. TODDLEBEN'S HERO. By M. M. Blake, Author of 
' The Siege of Norwich Castle.' With 36 Illustradons. Crown 

A story of military life for children. 

OuthelL ONLY A GUARD-ROOM DOG. By Mrs. Cuthell. 

With 16 Illustrations by W. Parkinson. Square Crown 8tw. 3/. 6d, 

' This^ b a charming; stoiy. Tangle was but a little mongrel Skye terrier, bat he had a 
big heart in hu little bodv, and played a hero's part more^than once. The book 
can be warmly recommended. '--^teiMAMii^ 

Oollingwood. THE DOCTOR OF THE JULIET. By Harry 

COLLINGWOOD, Author of 'The Pirate Island,' etc. Illustrated by 
Gordon Browne. Cro-um %vo. 31. ddf. 

' "The Doctor of the Juliet,'* well illustrated by Gordon Browne, is one of Harry 
CoUingwood's best efforts.' — Morning Post, 

Olark BnsselL MASTER ROCKAFELLAR^S VOYAGE. By 

W. Clark Russell, Author of ' The Wreck of the Grosvenor,' etc 

Illustrated by Gordon Browne. Second Edition^ Crown Sv^. 

3J. 6d, 

'Mr. Clark Russell's story of "Master Rockafellar's Voyage" will be among the 
favourites of the Christmas books. There is a rattle and " so " all through it, and 
its illustrations are charming in themselves, and very mu<^ above the average in 
the way in which they are ^oAacitA,*—<kutrdian, 

Manville Fexm. SYD BELTON : Or, The Boy who would not 
go to Sea. By G. Manville Fenn, Author of ' In the King's 
Name,' etc. Illustrated by Gordon Browne. • Crown Hvo. 3^. Sd, 

' Who amonjg; the yonng story-reading public will not rejoice at the sight of the old 
combination, so often proved admirable— a story by Manville Fenn, illustrated 
by Gordon Browne f Ibe story, toow is one of the good old sort, full (^life and 
vigour, breesinets and faiL*—/oumai^ Education, 
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The Peacock Library 

A Series of Books for Girls by well-known Authors^ 
Jiandsomely bound in blue and silver ^ and well illustrated. 
Crown Svo, 

1. A PINCH OF EXPERIENCE. By L. B. Walford. 

2. THE RED GRANGE. By Mrs. Molesworth. 

3. THE SECRET OF MADAME DE MONLUC. By the 

Author of * Mdle Mori.* 

4. DUMPS. By Mrs. Parr, Author of * Adam and Eve.' 

5. OUT OF THE FASHION. By L. T. Meade. 

6. A GIRL OF THE PEOPLE. By L. T. Meade. 

7. HEPSY GIPSY. By L. T. Meade, 2s. 6d. 

8. THE HONOURABLE MISS. By L. T. Meade. 

9. MY LAND OF BEULAH. By Mrs. Leith Adams. 

University Extension Series 

A series of books on historical, literary, and scientific subjects, suitable 
for extension students and home reading circles. Each volume is com- 
plete !n itself, and the subjects are treated by competent writers in a 
broad and philosophic spirit. 

Edited by J. E. SYMES, M.A., 
Principal of University College, Nottingham. 
' Crown %vo» Price {with some exceptions) 2s. 6d» 

The following volumes are ready : — 

THE INDUSTRIAL HISTORY OF ENGLAND. By H. de 
B. GiBBiNS, M. A, late Scholar of Wadham College, Oxon., Cobden 
Prizeman. Fourth Edition, With Maps and Plans. 3^. 

'A compact and clear stoiy of our industrial development. A study of this concbe 
bat luminous book cannot fail to give the reader a clear insight into the principal 
phenomena of our industrial history. The editor and publishers are to be congrat- 
ulated on this first volume of their venture, and we shall look with expectant 
interest for the succeeding volumes of the series.' — University Extensum JoumaL 

A HISTORY OF ENGLISH POLITICAL ECONOMY. By 
L. L. Price, M.A., Fellow of Oriel College, Oxon. 

PROBLEMS 01^ POVERTY : An Inquiry into the Industrial 
Conditions of the Poor. By J. A. Hobson, M.A. Second Edition, 

VICTORIAN POETS. By A. Sharp. 
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THE FRENCH REVOLUTION. By J. E. Symes, M.A. 

PSYCHOLOGY. By F. S. Granger, M.A., Lecturer in Philo- 
sophy at UniTersity College, Nottingham. 

THE EVOLUTION OF PLANT LIFE : Lower Forms, By 
G. Massee, Kew Gardens. With Illustrations. 

AIR AND WATER. Professor V. B. Lewes, M.A. Illustrated. 

THE CHEMISTRY OF LIFE AND HEALTH. By C. W. 
KiMMiNS, M.A. Camb. Illustrated. 

THE MECHANICS OF DAILY LIFE. By V. P. Sells, M.A. 
Illustrated. 

ENGLISH SOCIAL REFORMERS. H. DE B. GiBBlNS, M.A. 

ENGLISH TRADE AND FINANCE IN THE SEVEN- 
TEENTH CENTURY. By W. A S. Hewins, B.A. 

THE CHEMISTRY OF FIRE. The Elementary Principles of 
Chemistry. By M. M. Pattison Muir, M.A Illustrated. 

A TEXT-BOOK OF AGRICULTURAL BOTANY. ByM.C 
Potter, M.A, F.L.S. Illustrated. 31. 6d, 

THE VAULT OF HEAVEN. A Popular Introduction to 
Astronomy. By R. A Gregory. With numerous Illustrations. 

METEOROLOGY. The Elements of Weather and Climate. 
By H. N. Dickson, F.R.S.E., F.R. Met. Soc Illustrated. 

A MANUAL OF ELECTRICAL SCIENCE. By George 
J. BURCH, M.A. With numerous Illustrations. 3x. 

THE EARTH. An Introduction to Physiography. By Evan 
Small, M.A Illustrated, 

INSECT LIFE. By F. W. Theobald, M.A. Illustrated. 

Social Questions of To-day 

Edited by H. de B. GIBBINS, M. A 

Crown Svo, 2s. 6d, ^ \/^ 

A series of volumes upon those topics of social, economic, ^ \ vl 
and industrial interest that are at the present moment fore- ' 

most in the public mind. Each volume of the series is written by an 
author who is an acknowledged authority upon the subject with which 
he deals. 

7%e following Volumes of the Series are ready : — 

TRADE UNIONISM— NEW AND OLD. By G. Howell, 
M.P., Author of *The Conflicts of Capital and Labour.' Second 
Edition, 
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the co-operative movement to-day. by g. j. 

HoLYOAKB, Author of ' The History of Co-operation.' 

MUTUAL THRIFT. By Rev. J. Frome Wilkinson, M.A, 
Author of * The Friendly Society Movement.* 

PROBLEMS OF POVERTY : An Inquiry into the Industrial 
Conditions of the Poor. By J. A Hobson, M.A. Second Edition. 

THE COMMERCE OF NATIONS. By C. F. Bastable, 
M.A., Professor of Economics at Trinity College, Dublin. 

THE ALIEN INVASION. By W. H. Wilkins, B.A, Secretary 
to the Society for Preventing the Immigration of Destitute Aliens. 

THE RURAL EXODUS. By P. Anderson Graham. 

LAND NATIONALIZATION. By Harold Cox, B.A. 

A SHORTER WORKING DAY. By H. DE B. GiBBlNS 
and R. A Hadfibld, of the Hecla Works, Sheffield. 

BACK TO THE LAND : An Inquiry into the Cure for Rural 
Depopulation. By H. E. MOORB. 

TRUSTS, POOLS AND CORNERS : As affecting Commerce 
and Industry. By J. Stephen Jbans, M.R.L, F.S.S. 

THE FACTORY SYSTEM. By R. Cooke Taylor. 

THE STATE AND ITS CHILDREN. By GERTRUDE 

TUCKWELL. 

WOMEN'S WORK. By Lady Dilke, Miss Bulley, and 
Miss Whitley. 

Classical Translations 

Edited by H. F. FOX, M.A, Fellow and Tutor of Brasenose 

College, Oxford. 

Messrs. Methuen propose to issue a New Series of Translations from 
the Greek and Latin Classics. They have enlisted the services of some 
of the best Oxford and Cambridge Scholars, and it is their intention that 
the Series shall be distinguished by literary excellence as well as by 
scholarly accuracy. 

Crown 8tv. Finely printed and hound in blue buekram, 

CICERO— De Oratore L Translated by E. N. P. MoOR, M.A, 
Assistant Master at Clifton. 3J. 6d, 
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iESCHYLUS — ^Agamemnon, Ch6ephoroe, Eumenides. Trans- 
lated by Lewis GuiCPBBLL, LL.D., late Professor of Greek at St. 
Andrews. 5^. 

LUCIAN — Six Dialogues (Nigrinus, Icaro-Menippus, The Cock, 
The Ship, The Parasite, The Lover of Falsehood). Translated by 
S. T. Irwin, M.A, Assistant Master at Clifton; late Scholar of 
Exeter College, Oxford, y, 6d, 

SOPHOCLES— Electra and Ajax. Translated by E. D. A. 
MORSHBAD, M.A., late Scholar of New College, Oxford ; Assistant 
Master at Winchester. 2J. 6d, 

TACITUS— Agricola and Germania. Translated by R. B. 
TOWNSHEND, late Scholar of Trinity College, Cambridge. 2J. 6d, 

CICERO— Select Orations (Pro Milone, Pro Murena, Philippic ii., 
In Catilinam). Translated by H. E. D. BLAKiSTOit, M.A., Fellow 
and Tutor of Trinity College, Oxford. 5/. 

Methuen's Commercial Series 

BRITISH COMMERCE AND COLONIES FROM ELIZA- 
BETH TO VICTORIA. By H. de B. Gibbins, M.A., Author 
of 'The Industrial History of England,' etc., etc. 2s. 

A MANUAL OF FRENCH COMMERCIAL CORRES- 
PONDENCE. By S. E. Bally, Modem Language Master at 
the Manchester Grammar School. 2r. , 

COMMERCIAL GEOGRAPHY, with special reference to Trade 
Routes, New Markets, and Manufacturing Districts. By L. D. 
Lyde, M. a, of The Academy, Glasgow. 2s. 

COMMERCIAL EXAMINATION PAPERS. By H. de B. 
Gibbins, M.A is, 6d, 

THE ECONOMICS OF COMMERCE. By H. de B. Gibbins, 
M.A. IX. 6(f. 

A PRIMER OF BUSINESS. By S. Jackson, M.A. is. 6d. 

COMMERCIAL ARITHMETIC. By F. G. Taylor, 
M.A. IS, 6d, 

A FRENCH COMMERCIAL READER By S. E. Bally. 
IS, 6d. 
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